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Problem 1.1 [3] 


1.1 A number of common substances are 


Tar Sand 

“Silly Putty? Jello 
Modeling clay Toothpaste 
Wax Shaving cream 


Some of these materials exhibit characteristics of both solid and fluid behavior under different conditions. Explain 


and give examples. 


Given: Common Substances 
Tar Sand 
“Silly Putty” Jello 
Modeling clay Toothpaste 
Wax Shaving cream 


Some of these substances exhibit characteristics of solids and fluids under different conditions. 


Find: Explain and give examples. 


Solution: Tar, Wax, and Jello behave as solids at room temperature or below at ordinary pressures. At high 


pressures or over long periods, they exhibit fluid characteristics. At higher temperatures, all three 
liquefy and become viscous fluids. 
Modeling clay and silly putty show fluid behavior when sheared slowly. However, they fracture under suddenly 
applied stress, which is a characteristic of solids. 
Toothpaste behaves as a solid when at rest in the tube. When the tube is squeezed hard, toothpaste “flows” out the 
spout, showing fluid behavior. Shaving cream behaves similarly. 


Sand acts solid when in repose (a sand “pile”). However, it “flows” from a spout or down a steep incline. 
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Problem 1.2 [2] 


1.2 Give a word statement of each of the five basic conservation laws stated in Section 1-4, as they apply to a 
system. 

Given: Five basic conservation laws stated in Section 1-4. 

Write: A word statement of each, as they apply to a system. 


Solution: Assume that laws are to be written for a system. 


Conservation of mass — The mass of a system is constant by definition. 

Newton's second law of motion — The net force acting on a system is directly proportional to the product of the 
system mass times its acceleration. 

First law of thermodynamics — The change in stored energy of a system equals the net energy added to the 
system as heat and work. 

Second law of thermodynamics — The entropy of any isolated system cannot decrease during any process 
between equilibrium states. 

Principle of angular momentum — The net torque acting on a system is equal to the rate of change of angular 


momentum of the system. 
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a. 


b. 


Problem 1.3 [3] 


13 Discuss the physics of skipping a stone across the water surface of a lake. Compare these mechanisms with a 


stone as it bounces after being thrown along a roadway. 


Open-Ended Problem Statement: Consider the physics of “skipping” a stone across the water surface of a lake. 

Compare these mechanisms with a stone as it bounces after being thrown along a roadway. 

Discussion: Observation and experience suggest two behaviors when a stone is thrown along a water surface: 

1. Ifthe angle between the path of the stone and the water surface is steep the stone may penetrate the water 
surface. Some momentum of the stone will be converted to momentum of the water in the resulting splash. 
After penetrating the water surface, the high drag” of the water will slow the stone quickly. Then, because the 
stone is heavier than water it will sink. 

2. If the angle between the path of the stone and the water surface is shallow the stone may not penetrate the water 
surface. The splash will be smaller than if the stone penetrated the water surface. This will transfer less 
momentum to the water, causing less reduction in speed of the stone. The only drag force on the stone will be 
from friction on the water surface. The drag will be momentary, causing the stone to lose only a portion of its 
kinetic energy. Instead of sinking, the stone may skip off the surface and become airborne again. 

When the stone is thrown with speed and angle just right, it may skip several times across the water surface. With 

each skip the stone loses some forward speed. After several skips the stone loses enough forward speed to penetrate 

the surface and sink into the water. 

Observation suggests that the shape of the stone significantly affects skipping. Essentially spherical stones may be 

made to skip with considerable effort and skill from the thrower. Flatter, more disc-shaped stones are more likely to 

skip, provided they are thrown with the flat surface(s) essentially parallel to the water surface; spin may be used to 
stabilize the stone in flight. 

By contrast, no stone can ever penetrate the pavement of a roadway. Each collision between stone and roadway will 

be inelastic; friction between the road surface and stone will affect the motion of the stone only slightly. Regardless 

of the initial angle between the path of the stone and the surface of the roadway, the stone may bounce several times, 
then finally it will roll to a stop. 


The shape of the stone is unlikely to affect trajectory of bouncing from a roadway significantly. 
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Problem 1.4 [3] 


1.4 The barrel of a bicycle tire pump becomes quite warm during use. Explain the mechanisms responsible for 


the temperature increase. 


Open-Ended Problem Statement: The barrel of a bicycle tire pump becomes quite warm during use. Explain the 
mechanisms responsible for the temperature increase. 

Discussion: Two phenomena are responsible for the temperature increase: (1) friction between the pump piston and 
barrel and (2) temperature rise of the air as it is compressed in the pump barrel. 

Friction between the pump piston and barrel converts mechanical energy (force on the piston moving through a 
distance) into thermal energy as a result of friction. Lubricating the piston helps to provide a good seal with the 
pump barrel and reduces friction (and therefore force) between the piston and barrel. 

Temperature of the trapped air rises as it is compressed. The compression is not adiabatic because it occurs during a 
finite time interval. Heat is transferred from the warm compressed air in the pump barrel to the cooler surroundings. 


This raises the temperature of the barrel, making its outside surface warm (or even hot!) to the touch. 
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Problem 1.5 


1.5 A spherical tank of inside diameter 500 cm contains com- 
pressed oxygen at 7 MPa and 25°C. What is the mass of oxygen? 


Given: Data on oxygen tank. 


Find: Mass of oxygen. 


Solution: Compute tank volume, and then use oxygen density (Table A.6) to find the mass. 


[1] 
p = 7-MPa T = (25 + 273)-K T = 298K 
(Table A.6) 
M 
and p = — 
دو‎ 
V= Ex (5m) V = 654m 
N 1 keK 1 1 
M = 7x 10. x 65.4-m پر‎ oe M= 5913kg 
2 259.8 N-m 298 K 


m 


The given or available data is: D = 500-cm 
Ro» = 259.8 : 


The governing equation is the ideal gas equation 


p= ونم‎ T 
p? 
where V is the tank volume V= == 
Hence M = م۷۰‎ = ۷ 
Roz T 
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[1] 
ft-Ibf 
R. = 53.33. e 
ay lbm-R 
V = 51767 
1 k 
p = 0.00238 28 p = 23-8 
3 3 
ft m 
M = 1.90slug M = 27.8kg 


Problem 1.6 


1.6 Make a guess at the order of magnitude of the mass (e.g., 
0.01, 0.1, 1.0, 10, 100, or 1000 Ibm or kg) of standard air that is in 
a room 10 ft by 10 ft by 8 ft, and then compute this mass in Ibm 
and kg to see how close your estimate was. 


Given: Dimensions of a room 
Find: Mass of air 
Solution: 
Basi T | P 
asic equation: p= 
Rair T 
Given or available data p = 14.7psi T = (59 + 460)R 


V = 10-ft x 10-ft x 8-ft 


Ib 

Then لو‎ p = 0.076—— 
Rair T ft 

M=op-V M = 61.2lbm 
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Problem 7 [2] 


1.7 A cylindrical tank for containing 10 Ibm of compressed ni- 
trogen at a pressure of 200 atm (gage) and 70°F must be designed. 
The design constraints are that the length must be twice the diam- 
eter and the wall thickness must be 1 in. What are the external 


dimensions? 
Given: Mass of nitrogen, and design constraints on tank dimensions. 
Find: External dimensions. 


Solution: Use given geometric data and nitrogen mass, with data from Table A.6. 


The given or available data is: M - 76 p = (200 + 1)-atm p = 2.95 x 10% psi 
T = (70 + 460)-K T = 954-R Ru» = 55.16. کل‎ (Table A.6) 
په‎ 7 JbmR l 

; um ; : M 

The governing equation is the ideal gas equation p-pRw?;T 6 p= a 
m. D? 
where V is the tank volume V = —— L where L=2-D 
4 


Combining these equations: 


Hence M=V-p = 8 = p TD = p FB 4D = pTD 
RyT RyoT 4 RN2T 4 2-11 
1 1 
3 3 
2-1-0 TM f 22 2 
Solving for D D= ENIM D = a x 55.16- وه‎ x 954-K x 10-lbm x EM x 4 
pm T ]bm-R 2950 Ibf 12-in 
D=1.12-ft D=13.5-in L=2D L = 27-in 


These are internal dimensions; the external ones are 1/4 in. larger: L = 27.25:in D = 13.75-in 
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Problem 1.8 [3] 


18 Very small particles moving in fluids are known to experience a drag force proportional to speed. Consider a 
particle of net weight W dropped in a fluid. The particle experiences a drag force, Fp = kV, where V is the particle 
speed. Determine the time required for the particle to accelerate from rest to 95 percent of its terminal speed, V, in 


terms of k, W, and g. 


Given: Small particle accelerating from rest in a fluid. Net weight is W, resisting force Fp = kV, where V 
is speed. 
Find: Time required to reach 95 percent of terminal speed, ۰ 


Solution: Consider the particle to be a system. Apply Newton's second law. 


Basic equation: ZF, = may 


0 kV 
Particle c 
N $ 


2. Resisting force acts opposite to V 


Assumptions: 


1. Wis net weight 


Then DF, =W kV = ma, E 
dt g dt 
dV k 
Or — =9(1-—-V 
dt 8 Ww ) 
Separating variables, zx = g dt 
LY 


Integrating, noting that velocity is zero initially, 
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or 1-—-V=e W; V=— 
W k 


V 
But VV, as too, so V, = Y. Therefore wm م1‎ Y 


ket 
When > = 0.95, then e W — 0.05and E - 3. Thus t 3 W/gk 


http://librosysolucionarios.net 


Problem 1.9 [2] 


19 Consider again the small particle of Problem 1.8. Express the distance required to reach 95 percent of its 


terminal speed in terms of g, k, and W. 


Given: Small particle accelerating from rest in a fluid. Net weight is W, resisting force is Fp = kV, where 
V is speed. 

Ty= XA 

Find: Distance required to reach 95 percent of terminal speed, V.. 1 
Ros se, o 

Solution: Consider the particle to be a system. Apply Newton's second law. pä 
Basic equation: XF, = may کې‎ ES 
Assumptions: 


1. Wis net weight. 


2. Resisting force acts opposite to V. 


Separating variables ————— =g dy 
ing vari = 
p g Liv 


M 


Integrating, noting that velocity is zero initially 


V dV v 
_ 957 z : m4 
pec t 
V. 


gy =-0.95V,* — V? In (1— 0.95) — V? In (1) 
gy = -V; [0.95 + In 0.05] = 2.05 V? 


2 
ya Pic e 
9 
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[3] 


Problem 1.10 


1.10 For a small particle of styrofoam (1 Ibm/ft*) (spherical, with 


diameter d = 0.3 mm) falling in standard air at speed V, the drag 
is given by Fp = 3xuVd, where yu is the air viscosity. Find the 
maximum speed starting from rest, and the time it takes to reach 


95% of this speed. Plot the speed as a function of time. 


Given: Data on sphere and formula for drag. 

Find: Maximum speed, time to reach 95% of this speed, and plot speed as a function of time. 
Solution: Use given data and data in Appendices, and integrate equation of motion by separating variables. 
The data provided, or available in the Appendices, are: 


kg 5 6 kg 


Pair = Iun u 2 10 m: Pw = 999-5 SGsty = 0.016 d= 0.3-mm 
m m m 
Then the density of the sphere i kg 
en the density of the sphere is PSty = SGsty Pw Psty = E 
m 
md? k (0 0003-m)" 10 
The sphere mass is M = Psty—— = 16% x Tt X ——————— M-226x10 kg 
B m 
Newton's 2nd law for the steady state motion becomes (ignoring buoyancy effects) M'g = 3: Vd 
so 
M- 1 10 m m? 1 m 
Vmax = See = 226x107 "kgx981 x —— x — — V nax = 0.0435 
37 pd 3n s^ 18x10 Nos 0.0003-m 5 
i — : dV 
Newton's 2nd law for the general motion is (ignoring buoyancy effects) M = Mg-3m p. V-d 
t 
Á = TE 
5 ‘TMU: V 
M 
M: M ` 
Integrating and using limits V(t) = B. 1-e 
16د‎ 
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Using the given data 


0.057 


V (m/s) 


The time to reach 95% of maximum speed is obtained from 


0.95-V max 3 pd 


so t= ~ -In| 1 Substituting values t = 0.0133s 
3-7 pe. d Mg 


The plot can also be done in Excel. 
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Problem 1.11 [4] 


1.11 In a combustion process, gasoline particles are to be 
dropped in air. The particles must drop at least 25 cm in 1 s. Find 
the diameter d of droplets required for this. (The drag on these par- 
ticles is given by Fp = 3zj Vd, where V is the particle speed and u 
is the air viscosity. To solve this problem use Excel’s Goal Seek.) 


Given: Data on sphere and formula for drag. 
Find: Diameter of gasoline droplets that take 1 second to fall 25 cm. 


Solution: Use given data and data in Appendices; integrate equation of motion by separating variables. 
The data provided, or available in the Appendices, are: 


-5 Ns kg kg 
u = 18x10 e Pw = 999-52 SGgas = 0.72 Pgas = SGgas Pw Pgas = 9 
m m m 


Newton's 2nd law for the sphere (mass M) is (ignoring buoyancy effects) = Meg- 3c p V.d 


dt 
SO س‎ = dt 
g 5 ‘TMU: a 

M 
Integrating and using limits V(t) = ME 1-e M 

3-7 ped 
Integrating again x(t) = ii A t+ و‎ e M -1 

3: ped 3-7 ped 

; Pgas d^ شه اک‎ ES 
«de : Dese 
Replacing M with an expression involving diameterd M = p a x(t) = sit Ml le = 
BH 6 18-14 180 


This equation must be solved for d so that x(1:s) = 1-m. The answer can be obtained from manual iteration, or by using Excel's 
Goal Seek. (See this in the corresponding Excel workbook.) 


d = 0.109-mm 

0.257 
0.27 

po 
E 0.157 
> 0.17 
0.057 

0 0.2 0.4 0.6 0.8 1 


t(s) 


Note That the particle quickly reaches terminal speed, so that a simpler approximate solution would be to solve Mg = 3ruVd for d, 
with V = 0.25 m/s (allowing for the fact that M is a function of d)! 
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[4] 


V(100-m) = 38.8.2 
5 


Problem 1.12 


1.12 A sky diver with a mass of 70 kg jumps from an aircraft. 
The aerodynamic drag force acting on the sky diver is known to 
be Fp = kV, where k = 0.25 N+ s/m?. Determine the maximum 
speed of free fall for the sky diver and the speed reached after 100 
m of fall. Plot the speed of the sky diver as a function of time and 
as a function of distance fallen. 


2 
Given: Data on sky diver: M = 70-kg k = 0.25- —= 
m 
Find: Maximum speed; speed after 100 m; plot speed as function of time and distance. 
Solution: Use given data; integrate equation of motion by separating variables. 
Treat the sky diver as a system; apply Newton's 2nd law: 
n 1 La 1 dV 2 
Newton's 2nd law for the sky diver (mass M) is (ignoring buoyancy effects): Mes =M-g-kV 
1 
(a) For terminal speed V,, acceleration is zero, so M-g— k.V =0 so MEL E 
1 
m m? N:s 1 m 
Vi = | 75-kg x 9.81-— x SEED ۷ = 542— 
کم‎ gasna ERB $ 
(b) For V aty = 100 m we need to find V(y). From (1) mM = مه کي‎ = mv Y =M-g- kv" 
dt dy dt dt 
Separating variables and integrating: ESO dV = Í gdy 
k. 0 
jr. 
M'g 
0 
kV?) 2k 2 M M 
SO In| 1 - —— | = -— y or ۷ Sieg 
M'g M k 
1 
2-7 2 
Hence V(y) = VU -e M 
1 
: 2 
N-s 1 kgm 
— 2x0.25- x100-mx 
2 70-kg 2 N 


For y = 100 m: V(100-m) = A م1-6‎ 
5 
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T 
E 
> 20r 
! H ! ! | 
0 100 200 300 400 500 
y(m) 
i ; dv 2 
(c) For V(t) we need to integrate (1) with respect to t: Mt =M-g-kV 
1 
۷ t 
Separating variables and integrating: dv = | 1dt 
Mg. ۷ 0 
k 
0 
Mg +V 
1 [M k 1 [M(t 
SO t-— -ln ==" -In 
24 leg Mg 2 kg ادا‎ 
— -V 
k 
k 
2 Lm 
e Nu ] k 
Rearranging V(t = Ve or V(D = Vetanh! Vi —-t 
kg M 
2X 
e +1 
6 
a 4 
2 
B vo 
2d 2 
0 B 10 15 20 
t 
t(s) 


The two graphs can also be plotted in Excel. 
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[5] 


Problem 1.13 


1.13 For Problem 1.12, the initial horizontal speed of the sky- 
diver is 70 m/s. As she falls, the k value for the vertical drag 
remains as before, but the value for horizontal motion is k = 0.05 
N + s/m?. Compute and plot the 2D trajectory of the skydiver. 


2 2 

: r ea N-s N-s m 

Given: Data on sky diver: M = 70kg لر‎ = 0257 Kporiz= Uy = 70— 
m m 
Find: Plot of trajectory. 
Solution: Use given data; integrate equation of motion by separating variables. 
Treat the sky diver as a system; apply Newton's 2nd law in horizontal and vertical directions: 
ical: N 's 2nd law for the sky di M) is (i ing b ff : E 1 

Vertical: Newton's 2nd law for the sky diver (mass M) is (ignoring buoyancy effects): M p -Mg-k,rV () 


vn 


| V dt 


y 


For V(t) we need to integrate (1) with respect to t: 


V t 
Separating variables and integrating: id dV = | 1 dt 
Mg _ y? 0 
p en 
1[ M Led ky 
so t=. -In 
2 | Evert 8 -vy 
Kvert 
ki | hes Bs 3 
Rearranging V(t) = eee SO 
Kvert Kvert Er 
e 
For y(t) we need to integrate again Lo or y= 
1 
i t 
kuar 8 kuar 8 
M- rt . rt 
y(t) = Í V(t) dt = 8 zi his j dt = 8 اس‎ = 
0 Kvert M Kvert M 
0 
Kart 8 
M: t 
y(t) = 8 vn شه‎ 3) 
vert M 
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m 40 
E yo 
بو حا‎ 
20 
! ! | 
0 20 40 60 
t 
t(s) 
izontal: 's 2nd law for the sky di is: L 2 
Horizontal: Newton's 2nd law for the sky diver (mass M) is: MT = —Kkhoriz Y (2) 
For U(t) we need to integrate (2) with respect to t: 
U t 
"T l 1 Khoriz Khoriz 1 1 
Separating variables and integrating: dU = dt so t= | 
y? M M U Up 
Up i 
Uo 
Rearranging or U(t) = 
Khoriz Ug 
+ . 
M 
; y dx 
For x(t) we need to integrate again: a =U or X= U dt 
t 
í t 
Uo M Khoriz Vo 
x(t) = | U(t) dt = dt = -In t+1 
0 Khoriz Yo Khoriz M 
14 hf 
M 
0 
M Khoriz Vo 
x(t) = -l t-1 
Khoriz M 
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x(m) 
a 


Plotting the trajectory: 


y(km) 


x(km) 


These plots can also be done in Excel. 
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Problem 1.14 


1.14 In a pollution control experiment, minute solid particles 
(typical mass 5 x 10-١١ kg) are dropped in the air. The terminal 
speed of the particles is measured to be 5 cm/s. The drag on these 
particles is given by Fp = kV~, where V is the particle instant- 
aneous speed. Find the value of constant k. Find the time required 
to reach 99 percent of terminal speed. 


Given: Data on sphere and terminal speed. 
Find: Drag constant k, and time to reach 9996 of terminal speed. 
Solution: Use given data; integrate equation of motion by separating variables. 
š -11 cm 
The data provided are: M-510 -kg Vi = 5— 
5 
i AO? : dV 
Newton's 2nd law for the general motion is (ignoring buoyancy effects) Ms = M-g-kV (1) 
t 
Newton's 2nd law for the steady state motion becomes (ignoring buoyancy effects) Mg = k-V, so k 
M- 2 -9 N- 
k= %8 - 5×10 kg × .1وو‎ x — k = 9.81 x 1070.28 
Vi 2 0.05-m m 
dV _ di 
To find the time to reach 99% of V, we need V(t). From 1, separating variables k : 
g-—V 
M 
; E pues M k 
Integrating and using limits t--—.n|1-——.V 
k Mg 
cm 
We must evaluate this when V = V; V = 4,95:— 
5 
1 m Nes 9 N's 1 e 0.0495-m kg-m 
510 -kgx — — — — x dn| 1-981-10 x ———— x سو چو‎ E 
9.81x 10 .N. 86 m 5x10 tkg 98m Nos 
t = 0.0235s 
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Problem 1.15 


1.15 For Problem 1.14, find the distance the particles travel be- 


kg.m 


2 
N:s 


fore reaching 99 percent of terminal speed. Plot the distanced tra- 
veled as a function of time. 


Given: Data on sphere and terminal speed from Problem 1.14. 
Find: Distance traveled to reach 9996 of terminal speed; plot of distance versus time. 
Solution: Use given data; integrate equation of motion by separating variables. 
: -11 cm 
The data provided are: M = 5.10 -kg ۷ = نو‎ 
5 
inc dia ; dV 
Newton's 2nd law for the general motion is (ignoring buoyancy effects) M E =Mg-kV (1) 
t 
Newton's 2nd law for the steady state motion becomes (ignoring buoyancy effects) Mg = kV, so k = Mg 
۷ 
1 

M- = -9 N: 
ka seg ول‎ 2 s k = 9.81 x 1072. 2S 

Vi ES 0.05-m m 
To find the distance to reach 99% of V, we need V(y). From 1: Mie = MY = mv Y =Mg-kV 

dt dt dy dy 
۷0۷٧۷ _ d 
Separating variables ko- y 
g-—v 
M 
MÍ. k M 
Integrating and using limits y=- E wi = =v) ٧ 
k 
f cm 
We must evaluate this when V = 0.99. V, V = 4,95:— 
5 
1, Y? 981m m E Nes” à 9 N's 1 ES 0.0495-m 
اد‎ ial x ES او م‎ * -In| 1— 9.81-10 و و رنه سیر نس‎ 
5 9.81x 10 ^N.s) ۳٧٠ وگ په‎ 381m s 
2 
15x10 s " m : " 0.0495 m x N's 
981x10 Ns د3‎ kém 


y ے‎ 706 


Alternatively we could use the approach of Problem 1.14 and first find the time to reach terminal speed, and use this time in 
y(t) to find the above value of y: 


From 1, separating variables k 


Integrating and using limits t= Hafi - =v) (2) 
M 
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We must evaluate this when 


V = 0.99-V, V = 4.95.— 
5 
1 m Nes? و‎ 1 3 0.0495-m 80 
510 kg x —— و‎ 1 -9.8110 x پر‎ n, an t = 0.02355 
981x10 ^N. K™ mo 5x10 “ke 80 5 Nos 
: t 
From 2, after rearranging V= dy = M 1-e M 
dt k 
i t 
Integrating and using limits y= Ms, t+ T e m 1 
11 9.81-m m N.s? 
y=5x10 -kgx — A -| 0.0235:s ... 
5 9.81x 10 “Ns B 9.81.10 ? 
2| 7 T :.0235 
— N: 5-10 
+5 x10 1 kgx aus 8 RIDE. e -1 
981x10 Ns 8 
y = 0.922.mm 
tr 
0.75r 
E 
& 0.5r 
> 
0.257 
0 5 10 15 20 25 
t (ms) 


This plot can also be presented in Excel. 
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Problem 1.16 [3] 


1.16 The English perfected the longbow as a weapon after the Medieval period. In the hands of a skilled archer, 
the longbow was reputed to be accurate at ranges to 100 meters or more. If the maximum altitude of an arrow is less 
than h =10 m while traveling to a target 100 m away from the archer, and neglecting air resistance, estimate the 


speed and angle at which the arrow must leave the bow. Plot the required release speed and angle as a function of 


height h. 

Given: Long bow at range, R = 100 m. Maximum height of arrow is h = 10 m. Neglect air resistance. 
Find: Estimate of (a) speed, and (b) angle, of arrow leaving the bow. 

Plot: (a) release speed, and (b) angle, as a function of h 


Solution: Let Vo = uoi * vo} = Vo(cos Opi + sin 0,3) 


EF, = m4 = -mg, so v = vo — gt, and t; = م25‎ = 2vo/g 


Also, my = -mg v dv = -g dy, 0- “= -gh 
dy 2 
Thus h = v2 /28 à 
2 

ZF, = څې‎ =0, so u= uç = const, and R= uot; = 0 (2) 
From 
1. -vg=2gh à 

2 
2 Ug = ca = gR u$ - gr” 
2vo  242gh 8h 
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)4( 


)5( 


2 2 | 
وا‎ tv = +2gh and اا‎ E 


Vp 212x981 P «10m « 291 P x (100)? m? x Û 
5 8 s 10m 


S 


Vo = J2gh = V, sin 0, 0 = sin 


E J2gh 
Vo 


z 
0 = sn (2 x 9.81. x 10 mj شا‎ |=21.8° 
5 37.7 m 


Then 


From Eq. 3 


Plots of Vo = Vo(h) (Eq. 4} and 0, = 0 o(h) (Eq. 5} are presented below 


Eq. 4: Initial Speed vs. Max. Height 


Initial Speed, Vo (m/s) 
A 
e 


20 
0 
0 5 10 15 20 25 30 
Eq. 5: Initial Angle vs. Max. Height 
60 
9 
2 
s 40 
D 
s 
e 
& 20 
5 
= 
c 
= a 
0 5 10 15 20 25 30 


Maximum Height, h (m) 
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Ibf-ft-s 


or 


Problem 1.17 


1.17 For each quantity listed, indicate dimensions using force as 
a primary dimension, and give typical SI and English units: 
a. Power 
b. Pressure 
c. Modulus of elasticity 
d. Angular velocity 
e. Energy 
f. Momentum 
g. Shear stress 
h. Specific heat 
i. Thermal expansion coefficient 
j Angular momentum 


Given: Basic dimensions F, L, t and T. 


Find: Dimensional representation of quantities below, and typical units in SI and English systems. 
Solution: 
E F Dist FL 
(a) Power Power = xc Au EN MS 
Time Time t 
Force F 
(b) Pressure Pressure = = س‎ 
Area ۷ 
(c) Modulus of elasticity Pressure = Pone = Ld 
Area ۷ 
Radians 1 
(d) Angular velocity AngularVelocity = : == 
Time t 
(e) Energy Energy = Force x Distance = F-L 
! L 
(f) Momentum Momentum = Mass x Velocity = M-— 
t 


L 
From Newton's 2nd law Force = Mass x Acceleration so F= Mi 


2 t 
F-t-L 
Hence Momentum = M-— = =Ft 
t L-t 
Force F 
(g) Shear stress ShearStress = = — 
Area L? 
Ener F-L FEL L 
(h) Specific heat SpecificHeat = A M ee 
Mass x Temperature M-T 2 2 
Ft t-T 
ات‎ 
L 
LengthChange 
; À i : a Length 1 
(i) Thermal expansion coefficient ThermalExpansionCoefficient = ———— ———— = — 
Temperature T 
(j) Angular momentum AngularMomentum = Momentum x Distance = F-t-L 
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Problem 1.18 [2] 


1.18 For each quantity listed, indicate dimensions using mass as 
a primary dimension, and give typical SI and English units: 
a. Power 
b. Pressure 
c. Modulus of elasticity 
d. Angular velocity 
e. Energy 
f. Moment of a force 
g. Momentum 
h. Shear stress 
i. Strain 
j Angular momentum 


Given: Basic dimensions M, L, t and T. 


Find: Dimensional representation of quantities below, and typical units in SI and English systems. 
Solution: 
E F Dist F-L 
(a) Power Power = Energy = FOICE 5 DISIance WS سن‎ 
Time Time t 
' . M-L 
From Newton's 2nd law Force = Mass x Acceleration so F= ES 
t 
FL MLL ML kg-m? slugt” 
Hence Power = — = = — TIL و‎ 
t 2 3 3 3 
t-t t 5 5 
Force F M-L M k slu 
(b) Pressure Pressure ==. Ei — 
Area L t-L Lt m-s ft-s 
(c) Modulus of elasticity Pressure 2 S = ٧ ES me 
Area L t-L L-t mrs ft-s 
Radians 1 1 1 
(d) Angular velocity AngularVelocity = — 2l = a 
‘ime t 5 5 
2 
. MLL ML kg.m slug: ft 
(e) Energy Energy = Force x Distance = F-L = an مب و‎ 2 5 
t t 5 5 
2 2 2 
MLL ML kg-m slug: ft 
(f) Moment of a force MomentOfForce = Force x Length = F-L = = — A TM 
t t S S 
M-L kg.m slug: ft 
(g) Momentum Momentum = Mass x Velocity = M.— = —— 8 us 
t t S S 
. k 1 
(h) Shear stress ShearStress اه‎ 5 = ٧ -— sug 
Area L t-L L-t ms ft-s 
(i) Strain Strain = دت مسا‎ = = Dimensionless 
Length L 
2 2 2 
; M- M-L kg.m slugs: ft 
(j) Angular momentum AngularMomentum = Momentum x Distance = ——-L = —— SM ا‎ 
t t 5 5 
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Problem 1.19 


1.19 Derive the following conversion factors: 
a. Convert a pressure of | psi to kPa. 
b. Convert a volume of 1 liter to gallons. 
c. Convert a viscosity of 1 Ibf + s/f to N+ s/m?. 


Given: Pressure, volume and density data in certain units 
Find: Convert to different units 
Solution: 


Using data from tables (e.g. Table G.2) 


6895-Pa 1-kPa 


1-psi = 1-psi x x = 6.89-kPa 
1- psi 1000-Pa 
1 1-gal 
1-liter = 1-literx A. y, په‎ 0.264-gal 
0.946-liter  4-quart 
2 
1 
1 bfs ههه‎ | 12" N 
nS = i ` : xp = 47.9. 
2 2 1-Ibf 0.0254-m 2 
ft ft m 
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(a) 


(b) 


(c) 


[1] 


Problem 1.20 


1.20 Derive the following conversion factors: 
a. Convert a viscosity of 1 m?/s to ft/s. 
b. Convert a power of 100 W to horsepower. 
c. Convert a specific energy of 1 kJ/kg to Btu/Ibm. 


Given: Viscosity, power, and specific energy data in certain units 
Find: Convert to different units 
Solution: 


Using data from tables (e.g. Table G.2) 


1 2 
2 e 2 
12 
يوت ا لب ني اټ‎ 
5 0.0254-m 5 
Lh 
P= 0.134-hp 


LE, 1000-J " 1-Btu M 0.454-kg 0 وړم‎ Bu 
kg 1-kJ 1055-J 1-lbm lbm 
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100-W = 100-W x 
4 


(a) 


(b) 


(c) 


Problem 1.21 [1] 


1.21 Express the following in SI units: 
a. 100 cfm (ft /min) 
b. 5 gal 
c. 65 mph 

d. 5.4 acres 


Given: Quantities in English Engineering (or customary) units. 


Find: Quantities in SI units. 


Solution: Use Table G.2 and other sources (e.g., Google) 


3 3 MENS : 3 
(a) d. cado ag es. D HS A E 
m min 1-in 1-ft 60-s 5 
231-in? 0.0254-m 3 3 
(b) 5-gal = 5-gal x x| A | = 0.0189-m 
1-gal lin 
il 1852- 1-h 
(c) pui وون‎ c هل وو کلک‎ 
hr 1-mile  3600-s 5 
4047-m°> 4 2 
(d) 5.4-acres = 5.4-acre x = 2.19x 10 -m 
1-acre 
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Problem 1.22 


Express the following in BG units: 
a. 
b. 
c. 
d. 


50 m? 

250 cc 

100 kW 

5 101۰ s/ft? 


Quantities in SI (or other) units. 


Quantities in BG units. 


- 
N 
N 


Given: 


Find: 


Solution: Use Table G.2. 


l 2 
som? = 50m x| ظلل‎ x LË | = egg e? 
0.0254-m 12-in 


, 3 
zm SN & uL = 8.83 x 10 ^ft 


3 
ما کے‎ 
100.cm 0.0254-m 12-in 


250-cc = dnm x | 


1000. 1h 
10015۷ = dodo WO SP dp 
1-kW 746-W 
5. Ds is already in BG units 
ft 
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(a) 


(b) 


(d) 


[1] 
1-day " 1-hr 
24-hr 7 


= 1.5-in x 25-acre = 1.5-in x 25-acre " 4.36 x 10^ f , EN 1 1-week 1 


Problem 1.23 


1.23 A farmer needs I+ in. of rain per week on his farm, with 
25 acres of crops. If there is a drought, how much water (gpm) 
will have to be pumped in to maintain his crops? 


Given: Acreage of land, and water needs. 
Find: Water flow rate (gpm) to water crops. 
Solution: Use Table G.2 and other sources (e.g., Google) as needed. 


5 1.5-in 


The volume flow rate needed is Q 
week 


x 25-acres 


Performing unit conversions Q= 


week 1 week l-acre 1-ft 7-day 


Q = 101-gpm 
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Problem 1.24 [2] 


1.24 While you're waiting for the ribs to cook, you muse about 
the propane tank of your barbecue. You're curious about the vol- 
ume of propane versus the actual tank size. Find the liquid pro- 
pane volume when full (the weight of the propane is specified on 
the tank). Compare this to the tank volume (take some measure- 
ments, and approximate the tank shape as a cylinder with a hemi- 
sphere on each end). Explain the discrepancy. 


Given: Geometry of tank, and weight of propane. 
Find: Volume of propane, and tank volume; explain the discrepancy. 
Solution: Use Table G.2 and other sources (e.g., Google) as needed. 


The author's tank is approximately 12 in in diameter, and the cylindrical part is about 8 in. The weight of propane specified is 17 lb. 


The tank diameter is D = 12:in 
The tank cylindrical height is L = 8:in 
The mass of propane is Drop = 17-Ibm 
The specific gravity of propane is SGprop = 0.495 
. . kg 
The density of water is p= هوو‎ = 
m 
m m 
The volume of propane is given by ۷ ee E 
prop o SG -p 
prop prop 
1 m? 0.454-kg lin A 
Vorop 717 x × x | ——— 
prop 0.495 998-kg  1-lbm 0.0254-m 
Vbrop = 953-in 


tank A 6 
2 3 
-(12-1 12-i 
Vino TED giny n 2 


9 
V tank = 1810-in 


V prop 


The ratio of propane to tank volumes is = 53.96 


V tank 


This seems low, and can be explained by a) tanks are not filled completely, b) the geometry of the tank gave an overestimate of the volume (th: 
ends are not really hemispheres, and we have not allowed for tank wall thickness). 
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Problem 1.25 [1] 


1.25 The density of mercury is given as 26.3 slug/f'. Calculate the specific gravity and the specific volume in 
m'/kg of the mercury. Calculate the specific weight in Ibf/f on Earth and on the moon. Acceleration of gravity on 


the moon is 5.47 ft/s. 


Given: Density of mercury is p = 26.3 slug/ft’. 
Acceleration of gravity on moon is gm = 5.47 ft/s. 
Find: 

a. Specific gravity of mercury. 

b. Specific volume of mercury, in m*/kg. 

C. Specific weight on Earth. 

d. Specific weight on moon. 


Solution: Apply definitions: y = pg, v=1/p,SG = p/Ph,o 


3 
$63599208 E 
aii ft? 1.94 slug 
us 
3 3 
goi oa دځ‎ ID se 10 m?/kg 
26.3 slug ft? 32.2lbm 0.4536 kg 
2 
On Earth, yp 2263388 x 355 ځا‎ IUS. 847 108/14 
ft s^  slug.ft 
2 
On the moon, Yq =263 og x 5.47 r x Lase 144 lbf /ft? 
ft? s?  slug.ft 


(Note that the mass based quantities (SG and v) are independent of gravity.) 
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Problem 1.26 


1.26 Derive the following conversion factors: 
a. Convert a volume flow rate in in. /min to mm’/s. 
b. Convert a volume flow rate in cubic meters per second 
to gpm (gallons per minute). 


Convert a volume flow rate in liters per minute to gpm 


o 


(gallons per minute). 

d. Convert a volume flow rate of air in standard cubic feet per 
minute (SCFM) to cubic meters per hour. A standard cubic 
foot of gas occupies one cubic foot at standard temperature 
and pressure (T = 15°C and p = 101.3 kPa absolute). 


Data in given units 


Convert to different units 


im ui 0.0254m 070 3 1-min mm 
1-—— = 1.-— x | u x —— | x = 273:—— 
min min 1-in 1-m 60-s 5 

3 3 
1-gal 60- 
5 S لو 0000946 پرږ‎ 7 
lit li 1-gal 60- 
QU. peice 
min min 4x 0.946-liter 1-min 
3 3 3 
ft 0.0254- 60-mi 
1SCFM - 1. x| | سے‎ s 
min 1 1-hr hr 
—.ft 
12 
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(a) 


(b) 


(c) 


(d) 


Given: 
Find: 


Solution: 


[1] 


Problem 1.27 


1.27 The kilogram force is commonly used in Europe as a unit of force. (As in the U.S. customary system, where 


1 lbf is the force exerted by a mass of 1 Ibm in standard gravity, 1 kgf is the force exerted by a mass of 1 kg in 


standard gravity.) Moderate pressures, such as those for auto or truck tires, are conveniently expressed in units of 


kgf 


2 


cm 


= 0.0703 


kgf/cm”. Convert 32 psig to these units. 


Given: In European usage, 1 kgf is the force exerted on 1 kg mass in standard gravity. 
Find: Convert 32 psi to units of kgf/cm?. 


Solution: ^ Apply Newton's second law. 


Basic equation: F = ma 


N.s? 
The force exerted on 1 kg in standard gravity is F = 1 kg x 9.81 T x " s 9.81N =1 kgf 
5 g-m 
ra) 
Setting up a conversion from psi to kgf/cm’, ee = jae x 4.448 = x = 7X kgl 
in. in. lbf (254) cm”  9.81N 


y = 0.0703 kgf /cm? 
i psi 


or 


0.0703 kgf / cm? 
32 psi = 32 psi x 0.0703 kgf/cm? 
Thus psi 


32 psi = 2.25 kgf /cm? 
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Problem 1.28 [3] 


1.28 In Section 1-6 we learned that the Manning equation com- 
putes the flow speed V (m/s) in a canal made from unfinished con- 
crete, given the hydraulic radius R} (m), the channel slope So, and 
a Manning resistance coefficient constant value n ته‎ 0.014. Fora 
canal with R, = 7.5 m and a slope of 1/10, find the flow speed. 
Compare this result with that obtained using the same n value, but 
with R, first converted to ft, with the answer assumed to be in ft/s. 
Finally, find the value of n if we wish to correctly use the equation 
for BG units (and compute V to check!) 


Given: Information on canal geometry. 
Find: Flow speed using the Manning equation, correctly and incorrectly! 


Solution: Use Table G.2 and other sources (e.g., Google) as needed. 


2 1 
3 2 
Rp ‘So 
The Manning equation is V = ———— which assumes Ry in meters and V in m/s. 
n 
: a 1 
The given data is Ry و‎ 75m So = T n = 0.014 
1 
E 
1 
ss (2) 
Hence V = — — V= 86.5.3 (Note that we don't cancel units; we just write m/s 
0.014 next to the answer! Note also this is a very high 
speed due to the extreme slope So.) 
Using the equation incorrectly: R} = 7.5-mx A x a Ry = 24.6-ft 
0.0254-m 2 
1 
IM 
1 
25%) ! 
Hence V = V = 191.— (Note that we again don't cancel units; we just 
0.014 8 write ft/s next to the answer!) 
This incorrect use does not provide the correct answer V= 191.4 x دا‎ x ae V = 58.2 = which is wrong! 


5 1-ft 1-in 5 


This demonstrates that for this "engineering" equation we must be careful in its use! 


To generate a Manning equation valid for R; in ft and V in ft/s, we need to do the following: 


2 1 
3 5 7 
: m Lin 1ft Rg(m ‘So Lin 1-ft 
V|—|=V|—|x ——— x پو ا کے‎ 
5 5 0.0254-m 20 n 0.0254-m 12-in 


2 


2 1 


IN 
la 


3 2 3 2 
ft) RCD -So Lin 1f) ? Lin LAA Rh -So l-in 1-ft 
V| = | = ———— x | — x x | ——— x = |i x 
5 n 0.0254-m 12-in 0.0254-m 12-in n 0.0254-m 12-in 


wl = 
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ER 
ES fH 
wl = 


In using this equation, we ignore the units and just evaluate the conversion factor ( mel ol 1.49 
2 1 
Soe TZ 
Hence ۷ = 
5 n 


Handbooks sometimes provide this form of the Manning equation for direct use with BG units. In our case we are asked 
to instead define a new value for n: 


2 1 
az 
x 0.0094 h q| dd 
DBG = — npc = 0. where = 
BG 149 BG 5 hnc 
1 
EET 
1 
246". PPS 
; s 1 E 10 ft 
Using this equation with Rh = 24.6 ft: V = ——————— V = 284— 
0.0094 5 
; ft 12in 0.0254-m m TT 
Converting to m/s V = 284.— x is x E V = 86.6— which is the correct answer! 
5 ft in 5 
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Problem 9 [2] 


1.29 The maximum theoretical flow rate (kg/s) through a super- 


sonic nozzle is 
. ArPo 
ril qax = 0.0420 
v To 


where A, (m?) is the nozzle throat area, po (Pa) is the tank press- 
ure, and To (K) is the tank temperature. Is this equation dimen- 
sionally correct? If not, find the units of the 0.04 term. Write the 
equivalent equation in BG units. 


Given: Equation for maximum flow rate. 
Find: Whether it is dimensionally correct. If not, find units of 0.04 term. Write a BG version of the equation 


Solution: Rearrange equation to check units of 0.04 term. Then use conversions from Table G.2 or other sources (e.g., Google) 


0.04 - "max To 


"Solving" the equation for the constant 0.04: 
ArPo 


Substituting the units of the terms on the right, the units of the constant are 


K ٠-6 


m 


Hence the constant is actually c = 0.04- 


For BG units we could start with the equation and convert each term (e.g., Aj), and combine the result into a new 


constant, or simply convert c directly: 


1 1 
KS 1.8-R 0.0254-m 12-in 
c = 0.04- = 0.04 x | —— | x ————_-x 
m | K ) lin 1-ft 
1 
2 A 
c = 0.0164- Ros so Mmax = 0.0164- Pero with A, in ft, py in Ibf/ft2, and To in R. 


۷ 

This value of c assumes p is in 1bf/ft?. For p in psi we need an additional conversion: 

1 

R E 
with A, in ft, pg in psi, and Ty in R. 


c = 0.0164- 


8 12-in R? ies Ar Po 
1-ft 
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Problem 0 


1.30 From thermodynamics, we know that the coefficient of per- 
formance of an ideal air conditioner is given by 

TL 
TH — T, 
where 7; and Ty are the room and outside temperatures (abso- 
lute). If an AC is to keep a room at 68°F when it is 95°F outside, 


find the COP ideat: Convert to an EER value, and compare this to a 
typical Energy Star compliant EER value. 


COP, Ideal — 


Given: Equation for COP and temperature data. 
Find: COP ideal, EER, and compare to a typical Energy Star compliant EER value. 


Solution: Use the COP equation. Then use conversions from Table G.2 or other sources (e.g., Google) to find the EER. 


The given datais ^ Tj, = (68 + 460)-R Ty, = 528-R Tg = (95 + 460)-R Tg = 555-R 
T 
E 525 
The COP dea is COP ideal = =— = %_ = 194 
m کم تس د په‎ 


The EER is a similar measure to COP except the cooling rate (numerator) is in BTU/hr and the electrical input (denominator) is in ٠ 


BTU 
BTE 2545. PI 
r 
BERG 0 ias o 
Ideal Ideal y 746-W wW 


This compares to Energy Star compliant values of about 15 BTU/hr/W! We have some way to go! We can define the isentropic efficiency as 


ii EER Actual 
isen — 
EERideal 


Hence the isentropic efficiency of a very good AC is about 22.5%. 
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Problem 1.31 


1.31 In Chapter 9 we will study aerodynamics and learn that the 
drag force Fp on a body is given by 


1 
Fp = 5P V?ACp 
Hence the drag depends on speed V, fluid density p, and body size 


(indicated by frontal area A) and shape (indicated by drag coeffi- 
cient Cp). What are the dimensions of Cp? 


Given: Equation for drag on a body. 
Find: Dimensions of Cp. 


Solution: Use the drag equation. Then "solve" for CD and use dimensions. 


1 
The drag equation is Fp = Ve A-Cp 
2-۳7 
"Solving" for Cp, and using dimensions Cp = : 
pV ‘A 
F 
Cp = 
2 
M B 2 
ae —|xL 
L t 
L 
But, From Newton's 2nd law Force - Mass- Acceleration Or F= M5 
t 
3 2 
Hence Cp = —— = xe Lx =0 
M B 2 t M د‎ E 
a —|xL 
L t 


The drag coefficient is dimensionless. 
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Problem 1.32 [1] 


1.32 The mean free path 4 of a molecule of gas is the average 
distance it travels before collision with another molecule. It is 
given by 


where m and d are the molecule's mass and diameter, respect- 
ively, and p is the gas density. What are the dimensions of con- 
stant C for a dimensionally consistent equation? 


Given: Equation for mean free path of a molecule. 
Find: Dimensions of C for a diemsionally consistent equation. 


Solution: Use the mean free path equation. Then "solve" for C and use dimensions. 


The mean free path equation is A= cs, 
p-d 

2 
"Solving" for C, and using dimensions C = de 

m 
Lx E x p 
L 
C= =0 
M 


The drag constant C is dimensionless. 
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Problem 1.33 [1] 


1.33 An important equation in the theory of vibrations is 


n d + E + kx =f(t) 
mn +c— +k = 
dt* : 01 A 


where m (kg) is the mass and x (m) is the position at time f (s). 
For a dimensionally consistent equation, what are the dimensions 
of c, k, and f? What would be suitable units for c, k, and f in the 
SI and BG systems? 

Given: Equation for vibrations. 


Find: Dimensions of c, k and f for a dimensionally consistent equation. Also, suitable units in SI and BG systems. 


Solution: Use the vibration equation to find the diemsions of each quantity 


2 

The first term of the equation is کیک‎ 
dt 

: ; : L 

The dimensions of this are Mx 5 
t 


Each of the other terms must also have these dimensions. 


dx M-L L M-L M 
Hence c— = — SO Cx—-—— and C= س‎ 
dt 2 t 2 t 
t t 
kra ME SO ches = and pań 
2 2 2 
t t t 
هم‎ ME 
2 
t 
Suitable units for c, k, and f are c: ke slug k: ke slug f: kgm slug ft 
5 5 = ge ې‎ z 


Note that c is a damping (viscous) friction term, k is a spring constant, and f is a forcing function. These are more typically expressed using F | 
rather than M (mass). From Newton's 2nd law: 


L Ft 
F=M-— or M = — 
2 L 
t 
Be F-t Et F 
Using this in the dimensions and units for c, k, and f we finc = —— = — k2—-— f=F 
L. L L 
L-t 
c: پچ بت شه‎ B 2 f N lbf 
m ft m ft 
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RIO 


1 
12 


0.0254-m 


P 


1 


60-s 


1-gal 


Problem 1.34 


1.34 A parameter that is often used in describing pump perform- 


ance is the specific speed, Ns_, given by 
. N(rpm)|Q(gpm)| 1/2 


N 
| H(ft)) 3/4 


Scu 


What are the units of specific speed? A particular pump has a 
specific speed of 2000. What will be the specific speed in SI units 


FR 
Nlo] alu 


E x 0.000946-m> 1-min 


(angular velocity in rad/s)? 


Given: Specific speed in customary units 
Find: Units; Specific speed in SI units 
Solution: 
1 
rpm. m? 
The units are ee or 
ft 4 


Using data from tables (e.g. Table G.2) 


1 
rpm-gpm^ 
Nscu 7 ARM سب‎ 
څې‎ 
1 
rpm- n 2-786 1-min 
Nec = 2000 a EM 
3 1.rev 60-s 
f 
1 
2 
rad = 
5 5 
Nscu = Mec m 
4 
m 
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Problem 1.35 [1] 


1.35 A particular pump has an "engineering" equation form of 
the performance characteristic equation given by H (ft) — 1.5 — 
4.5 X 0, (gpm)]’, relating the head H and flow rate Q. What 
are the units of the coefficients 1.5 and 4.5 X 107°? Derive an SI 
version of this equation. 


Given: "Engineering" equation for a pump 
Find: SI version 
Solution: 


The dimensions of "1.5" are ft. 


The dimensions of "4.5 x 10°" are ft/gpm?. 


Using data from tables (e.g. Table G.2), the SI versions of these coefficients can be obtained 


0254. 
jee ene a 
12 
2 

45 x 10 ft -= 4510 >. ft " 0.0254-m : 1-838 ^ 1quart : = 

gpm gpm L. 4-quart 9 999946.m° 1min 

12 

45.10 يد لل‎ c9 


The equation is 


3 2 
H(m) = 0.457 - لا‎ 
5 
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Problem 1.36 


1.36 A container weighs 3.5 lbf when empty. When filled with water at 90°F, the mass of the container and its 


contents is 2.5 slug. Find the weight of water in the container, and its volume in cubic feet, using data from 


Appendix A. 

Given: Empty container weighing 3.5 lbf when empty, has a mass of 2.5 slug when filled with water at 
90°F. 

Find: 


a. Weight of water in the container 


b. Container volume in ft? 
Solution: Basic equation: F = ma 


Weight is the force of gravity on a body, W = mg 


W, = Wo + We 
Then Wu,o =W - We = mg — We 


ft Ibf-s? 


Wyo = 25 slug x 32.25 x — 3,5 lbf = 77.0 lbf 
2 s? slug: ft 


The volume is given by y= = = 


ft? s? slug: ft 


x x =124 ft? 
193slug 322171  lbf-s? 


From Table A.7, p = 1.93 slug/ft? at T = 90°F nV = 77.0 lbf x 
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Problem 1.37 [2] 


1.37 Calculate the density of standard air in a laboratory from the ideal gas equation of state. Estimate the 
experimental uncertainty in the air density calculated for standard conditions (29.9 in. of mercury and 59°F) if the 
uncertainty in measuring the barometer height is +0.1 in. of mercury and the uncertainty in measuring temperature is 


+0.5°F. (Note that 29.9 in. of mercury corresponds to 14.7 psia.) 


Given: Air at standard conditions — p = 29.9 in Hg, T = 59°F 
Uncertainty: in p is + 0.1 in Hg, in Tis + 0.5°F 

Note that 29.9 in Hg corresponds to 14.7 psia 

Find: 

a. air density using ideal gas equation of state. 


b. estimate of uncertainty in calculated value. 


Ib-°R in? 
ie Be gage y ga 
Solution: RT in 53,3 ft-Ibf 519°R ft? 


p = 0.0765 Ibm/ ft? 


+ 
AA ee s +0.1 


The uncertainty in density is given by == = RT — = — =l; up —— — = 0.334% 
Op RT RT 299 
T T +0.5 
ae | E P 2-1; we 49096996 
pot p\ RT pRT 460 + 59 
1/2 j E 
up = (8) up) | =+ [(0.334) + (-0.0963) | 
Then 


u, = 1034896 P 66 x 10 * Ibm/ft?) 
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[2] 


Problem 1.38 


1.38 Repeat the calculation of uncertainty described in Problem 1.37 for air in a freezer. Assume the measured 


barometer height is 759 + 1 mm of mercury and the temperature is —20 + 0.5 C. [Note that 759 mm of mercury 


corresponds to 101 kPa (abs). ] 


Given: Air at pressure, p = 759 + 1 mm Hg and temperature, T = —20 + 0.5°C. 
Note that 759 mm Hg corresponds to 101 kPa. 

Find: 

a. Air density using ideal gas equation of state 


b. Estimate of uncertainty in calculated value 


p kg-K T 1 
287N-m 253K 


1 N 
Solution: = »=——=101x 10° — x = 139 kg/m? 
RT m? 


ada TE p 0p 1 +1 
The uncertainty in density is given by —— =RT— -= 1; up === +0132% 
ap RT 759 
T T +0.5 
Jae ( = zucca asc = 1019896 
pOr p\ RT pRT 273 — 20 


u, =| (up) Cw]. - - +(-o198) | 


u, =+0.238% (±331 x 10? kg/m?) 


Then 
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Problem 1.39 [2] 


1.39 The mass of the standard American golf ball is 1.62 + 0.01 oz and its mean diameter is 1.68 + 0.01 in. 


Determine the density and specific gravity of the American golf ball. Estimate the uncertainties in the calculated 


values. 
: m=162+0.010z (20to1) 
Given: Standard American golf ball: . 
D =1.68 + 0.01in. (20to1) 
Find: 


a. Density and specific gravity. 
b. Estimate uncertainties in calculated values. 


Solution: Density is mass per unit volume, so 


m m 3 m 6m 


gee = 
۷ ám? 47(D/2? TD” 


6 1 0.4536 k in. 
p=—x 162 02 x — By o سم‎ kg/m? 
7 (1.68)? in. 160z  (0.0254)3m 
k 3 
and sG-—P— =1130-8 x 2 _ = 
T m? 1000 kg 


2 27? 
The uncertainty in density is given by u, =+ وه‎ 3 t (22u | 


+0.617 percent 


4 
D = 2 sm) = ap ES x) = —3; Up = £0.595 percent 


=+[(0617) + |-3(0595)* y 


Thus 
u, = £189 percent (+214 kg/m?) 
Usg = U, = +189 percent (40.0214) 
= + 
Finally, p=1130+214 kg/m? (20 to 1) 


SG = 113+ 0.0214 (20 to 1) 
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Problem 0 [2] 


1.40 The mass flow rate in a water flow system determined by collecting the discharge over a timed interval is 0.2 
kg/s. The scales used can be read to the nearest 0.05 kg and the stopwatch is accurate to 0.2 s. Estimate the precision 


with which the flow rate can be calculated for time intervals of (a) 10 s and (b) 1 min. 


Given: Mass flow rate of water determined by collecting discharge over a timed interval is 0.2 kg/s. 


Scales can be read to nearest 0.05 kg. 


Stopwatch can be read to nearest 0.2 s. 


Find: Estimate precision of flow rate calculation for time intervals of (a) 10 s, and (b) 1 min. 


Solution: ^ Apply methodology of uncertainty analysis, Appendix F: 


_Am 
At 
Computing equations: 
BORNE eue Am om ^ (At Om f 
™ A m @Am ^" mont ^ 
1 ] 2 
Thus ADOBE ec Es =1 and CA aj =-1 
i 7 At im At Am At? 


The uncertainties are expected to be + half the least counts of the measuring instruments. 


Tabulating results: 


Time Error Uncertainty Water Uncertainty Uncertainty 
Interval, in in At Collected, Error in in Am in rh 
At(s) At(s) (percent) Am(kg) Am(kg) (percent) (percent) 
10 + 0.10 +1.0 2.0 + 0.025 + 1.25 + 1.60 
60 + 0.10 + 0.167 12.0 + 0.025 + 0.208 + 0.267 


A time interval of about 15 seconds should be chosen to reduce the uncertainty in results to + 1 percent. 
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Problem 1.41 [2] 


1.41 A can of pet food has the following internal dimensions: 102 mm height and 73 mm diameter (each +1 mm at 
odds of 20 to 1). The label lists the mass of the contents as 397 g. Evaluate the magnitude and estimated uncertainty 


of the density of the pet food if the mass value is accurate to +1 g at the same odds. 


Given: Pet food can 


H =102+1 mm (20 to 1) 
D=73+1mm (20 to 1) 
m-397t1g (0to1) 


Find: Magnitude and estimated uncertainty of pet food density. 


Solution: Density is 


m m 4 m 


or p= p (m, D, H)‏ سواد دپ 


p 


From uncertainty analysis 


c 

y 

ll 
اک‎ 
ES: 
ME 
!وه‎ €» 
9|8 
B8 
ي‎ 
+ 
EP 
v [9 
® 
ge 
E 

iw) 
SE 
=a 

E 
[95] 
T$ 
[e 

jun] 
يتسه"‎ E a 
نتا‎ 


móp m4 1 1 4m 


+1 
= U,, = —— = 1025296 
pom prD'H رم‎ (7 397 
D D 4 14 +1 
Evaluating, 90. D 5) T -(-2 T 2-2}; o up-ll-i1379 
م‎ 601 p mD°H 0 aD'H 73 
H H 4 1 4 +1 
Eg EE e e ON 
p OH p aD^H? P 3D^H 102 
2 2 2 i 
- = = 
aie u, +{[()(0.252)] + [(-2)(1.37)]? + [(-1)(0.980)] ] 
u, = £2.92 percent 
7٨ 7٨ m? 
Y =—D?H =— x (73? mm? x 102 mm x ——— = 427 x 10 ^m? 
4 4 10? mm? 
397 k 
as B x “8 -930kg/m' 
V 427x10“m” 1000g 
Thus p — 930 272 kg/m? (20 to 1) 
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Problem 1.42 [2] 


1.42 The mass of the standard British golf ball is 45.9 + 0.3 g and its mean diameter is 41.1 + 0.3 mm. Determine 


the density and specific gravity of the British golf ball. Estimate the uncertainties in the calculated values. 


m=459+03g (20to1) 


Given: Standard British golf ball: 
D=411+0.3mm (20to 1) 


Find: 
a. Density and specific gravity 


b. Estimate of uncertainties in calculated values. 


Solution: Density is mass per unit volume, so 
pos m 3 m 6m 
۷ 4R 47(D/2 TD? 
6 1 
p= — x 0.0459 kg x — m? = 1260 kg/m? 
T (0.0411) 
3 
and sG-—Z 12608." — 15g 
د رتام‎ m? 1000 kg 
1/2 
m 0p 1 D 0p : 
u,-1|— Un | لاس اڅه‎ 
p om p oD 
móp mi Vv +93 40.654% 


The uncertainty in density is given by 


p 
Do» D a 6m | 4 
poD p z D^ aD?p 
ie aa - 0930; 
411 
1/2 
u, = Hun)?  (-3u5)?]7? = +{(0.654)" + [-3(0.730)] | 


Thus u, = £2.29% (£289 kg/m?) 
Ugg =U, = 422996 (40.0289) 


Summarizing p=1260+ 28.9 kg/ m? (20 to 1) 


SG = 1.26 + 0.0289 (20 to 1) 
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Problem 3 [3] 


1.43 The mass flow rate of water in a tube is measured using a beaker to catch water during a timed interval. The 
nominal mass flow rate is 100 g/s. Assume that mass is measured using a balance with a least count of 1 g and a 
maximum capacity of 1 kg, and that the timer has a least count of 0.1 s. Estimate the time intervals and uncertainties 
in measured mass flow rate that would result from using 100, 500, and 1000 mL beakers. Would there be any 


advantage in using the largest beaker? Assume the tare mass of the empty 1000 mL beaker is 500 g. 


Given: Nominal mass flow rate of water determined by collecting discharge (in a beaker) over a timed 
interval is rn = 100 g/s 


* Scales have capacity of 1 kg, with least count of 1 g. 
+ Timer has least count of 0.1 s. 


e Beakers with volume of 100, 500, 1000 mL are available — tare mass of 1000 mL beaker is 500 g. 

Find: Estimate (a) time intervals, and (b) uncertainties, in measuring mass flow rate from using each of 
the three beakers. 

Solution: To estimate time intervals assume beaker is filled to maximum volume in case of 100 and 500 mL 


beakers and to maximum allowable mass of water (500 g) in case of 1000 mL beaker. 
Then m = — and At = — == 


AV = 100 mL 500 mL 1000 mL 


Tabulating results 
At = 1s 5s 55 


Apply the methodology of uncertainty analysis, Appendix E Computing equation: 


(= am ) (4 am ) 
Uy = Ell ee UAE 
m 0Am m OAt 


The uncertainties are expected to be + half the least counts of the measuring instruments 


1/2 


óAm = £05 g OAt = 0.05 s 


2 
; ; A 
An ړال او‎ and At am _ | d an 1 
m 80 i 
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Uncertainty 
Uncertainty Time Emorin —— inat —— in th 
in Am Interval At(s) (percent) (percent) 
(percent) At(s) 
+ 0.50 1.0 + 0.05 + 5.0 + 5.03 
+ 0.10 5.0 + 0.05 + 1.0 +1.0 
+ 0.10 5.0 + 0.05 + 1.0 +1.0 


Tabulating results: 


Beaker Water Error in 


Volume A V Collected Am(g) 


(mL) Am(g) 
100 100 + 0.50 
500 500 + 0.50 
1000 500 + 0.50 


Since the scales have a capacity of 1 kg and the tare mass of the 1000 mL beaker is 500 g, there is no advantage in 


using the larger beaker. The uncertainty in rhcould be reduced to + 0.50 percent by using the large beaker if a scale 


with greater capacity the same least count were available 
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Problem 1.44 [3] 


1.44 The estimated dimensions of a soda can are D = 66.0 + 0.5 mm and H = 110 + 0.5 mm. Measure the mass of 
a full can and an empty can using a kitchen scale or postal scale. Estimate the volume of soda contained in the can. 
From your measurements estimate the depth to which the can is filled and the uncertainty in the estimate. Assume 


the value of SG = 1.055, as supplied by the bottler. 


Given: Soda can with estimated dimensions D = 66.0 + 0.5 mm, H = 110 + 0.5 mm. Soda has SG = 1.055 
Find: 

a. volume of soda in the can (based on measured mass of full and empty can). 

b. estimate average depth to which the can is filled and the uncertainty in the estimate. 

Solution: ^ Measurements on a can of coke give 


m, = 386.5+050g, m, =175+050g..m=m,—m, =369+u,, £ 
2 2712 
Un =+ Bc + Me om Un 
m om, ٢ mom, ° 


0.5 050 
B 4000129, u. =+ 6 
175 


Me 


l 386.5 2 F175 ai 
LE ES] = 0.0019 


Density is mass per unit volume and SG = p/pH5;O so 


m m m? 1 kg 


Y -2—- 369 g x x x = 350 x10 9 m? 
1000kg 1055 1000g 


p MOSG 


The reference value pH;O is assumed to be precise. Since SG is specified to three places beyond the decimal point, 


assume وتا‎ = + 0.001. Then 
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1/2 


1 


HID un tc) use} 


E Ov ) ( m ۷ i 
u, =| س‎ | + — 
v om SG 0SG 


1/2 
uy = +{[(1) (0.0019) de (1) (0.0057 | = 0.0021 or 02196 


2 6,3 3 
4V 4 350x10 10 
ge L or L= =—x 2 = x mMM _ 102 mm 


Y = 
mD? 7  (0066)m? m 


2 
D ôL p «x =, > 
LOD 4۷ 7 
: : 1/2 
u = HI) (0.0021)1? + [(-2) (0.0076)] ] = 0.0153 or 1.53% 


Note: 
1. Printing on the can states the content as 355 ml. This suggests that the implied accuracy of the SG value may be 
over stated. 


2. Results suggest that over seven percent of the can height is void of soda. 
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Problem 1.45 [3] 


1.45 From Appendix A, the viscosity (N + s/m?) of water at 
temperature T (K) can be computed from u = A10% 0, where 

= 2414 X 10^ N + s/m?, B = 247.8 K, and C = 140 K. Deter- 
mine the viscosity of water at 20°C, and estimate its uncertainty if 
the uncertainty in temperature measurement کا‎ 67 


Given: Data on water 
Find: Viscosity; Uncertainty in viscosity 
Solution: 

5 N: 
The data is: A = 2.414~x 10 ES B = 247.8.K C = 140-K T = 293-K 

m 
0.25:K 
The uncertainty in temperature is up = ur = 0.085-96 
died T~ 393K T ° 

B 

E -3 N- 
Also u(T) = A100 9 Evaluating U(T) = 1.01 x 10 — 

m 
For the uncertainty dun = ES 
dT B 
jp, G- 1 
T d In(10)- [BT-uq| 
Hence u = |——-—H(Dupy = —— ——- Evaluating u,,(T) = 0.609-% 
n WT) dT 2 ۳ 
(Ic - 1l) 
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Problem 1.46 [3] 


146 An enthusiast magazine publishes data from its road tests on the lateral acceleration capability of cars. The 
measurements are made using a 150-ft-diameter skid pad. Assume the vehicle path deviates from the circle by +2 ft 
and that the vehicle speed is read from a fifth-wheel speed-measuring system to +0.5 mph. Estimate the 

experimental uncertainty in a reported lateral acceleration of 0.7 g. How would you improve the experimental 


procedure to reduce the uncertainty? 


Given: Lateral acceleration, a = 0.70 g, measured on 150-ft diameter skid pad. 


Path deviation: +2 ft 
Vehicle speed: +0.5 mph 


[messuremen uncertainty 
Find: 


a. Estimate uncertainty in lateral acceleration. 


b. How could experimental procedure be improved? 


Solution: Lateral acceleration is given by a = V?/R. 


From Appendix F, u, = +{(2u,)* + (up) 


1/2 
32.2 ft 
From the given data, ۷2 = aR; V=ywyaR = ozo x i * 75 d = 4141 ft/s 
5 
i ft h 
Then (mid as A 
۷ hr 7 mi 3600s 
1 
and Up = ¿ee = +2 ft x = +0.0267 
R ft 


2 2 1/2 
- u, = se x 0.0178)? + (0.0267) | = 5 


u, = £4.45 percent 


Experimental procedure could be improved by using a larger circle, assuming the absolute errors in measurement are 


constant. 
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D=400 ft, R=200 ft 


32.2 ft i 
V=vaR = 970 × بس‎ 200 d = 67.1 ft/s = 458 mph 
5 


" 0.5 mph 2 ft 


= 10.0109; up =+ = 10.0100 
200 ft 


uy =+ 
45.8 mph 


1/2 
u, = se x 0.0109)? + (0.0100) | = 10.0240 or + 2.4 percent 
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For 


[4] 


Problem 1.47 


1.47 Using the nominal dimensions of the soda can given in Problem 1.44, determine the precision with which the 


diameter and height must be measured to estimate the volume of the can within an uncertainty of +0.5 percent. 


Given: Dimensions of soda can: 
D=66 mm 
H =110 mm 
Find: Measurement precision needed to allow volume to be estimated with an uncertainty of + 0.5 


percent or less. 


Solution: Use the methods of Appendix F: 


Computing equations: d 


: — 2D°H Ov - aD? OV - DH 
Since V=%=, then 4t = 77-and $5 = 45 


= t 5 , substituting, 


4H zD’ ôx : 4D zDHóxY 
Uy =+ + 5 
zDH 2 D 


2 2 2 2 
Solving, uu = (=) + e - (dx) 8 + 8 
H D H D 
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o, 
X 
I 
+ 


+ = 40.158 mm 


EA 
ra 
z|- 
— 
N 
+ 
— 
Om 
— 
N 
(AA 
nie 
Epa 
ois 
یم‎ 
- 
ou 
8 
3 
— 
DESEE 
D 
a 
Sg 
3 
— 
N 
ی‎ 
l^ 


a FOE. aa 
H 110 mm 

PE ig 
D 66 mm 


u, = H(u, ^ + Qu, F =+1(0.00144)” + (0.00478)^ ] = +0.00499 


Check: 


If 5x represents half the least count, a minimum resolution of about 2 ôx ~ 0.32 mm is needed. 
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[4] 


Problem 1.48 


s: xd t 


| Given: American golf ball, m =/(6210.01 03, D= 1.68 10. 


Find: Precisida To whith D must be measured w ۰ک‎ ۴ 
Jens ito within uncertainty of $ | percent. 


Solution! Apply uncertainty concepts 


a l " 
Definihoa: Density, 0 = = y = TRF = TD: 


4 
i / «X. 2 e] 
Co mp 94 equation: CL +4 Ux) qot 


A . m _ bm لل‎ 
From the definihon, f = 7 05/6 ur TD = elm, D) 
Thus MÆ _ | and QX . 3,2 
Ü 2m - Z aD 


7 
- :là Um)" t (susy] 
Up 
p = Um +4 Up 
T 
So0/vimg, Up = i $ [ac - ud | 


From tne data given, ug = څ‎ 0 


1289.0 °% _4:000617 
l.62 03 
1 


/ 2 2 + و‎ 0 
Up = + 4 (0.0100) -(0.00617)* = + 0.00262 or t 4۸ 


m 


* D 
Ó ce, Up = E ér y then 


SD = Ł D Up= Z 148 in, 6.00262 =F 6.0044, In. 


| The ball diameter must bl metascene d to a preciso of 
| tooo 1. (20.112 mm) or beter to estimate centi ty T 
` within El prent. A micrmtien on Caliper Could be Sd. 
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Problem 9 [4] 


1.49 The height of a building may be estimated by measuring 
the horizontal distance to a point on the ground and the angle 
from this point to the top of the building. Assuming these 


measurements are L = 100 + 0.5 ft and 0 = 30 + 0.2 degrees, 
estimate the height H of the building and the uncertainty in the 


estimate. For the same building height and measurement uncer- 
tainties, use Excel's Solver to determine the angle (and the corre- 
sponding distance from the building) at which measurements 
should be made to minimize the uncertainty in estimated height. 
Evaluate and plot the optimum measurement angle as a function 
of building height for 50 = H = 1000 ft. 


Given: Data on length and angle measurements 

Find: Height; Angle for minimum uncertainty in height; Plot 

Solution: 

The data is: L - 100. òL = 05-4 0 = 30-deg 50 = 0.2-deg 
Uncertainties: uw = L uw = 0.5% ug = T ug = 0.667% 
The height i: H = L.tan(0) H = 57.78 with uncertainty 


Hence with — ?H-tma(9 2H = L.(1 + tan(ê)”) 
aL E 


Evaluating ug = 0.949% and ôH = uy تل‎ 6H = 0.548ft 


The height is then H = 5778 +/- 6H = 0.548ft 


To plot uy versus 9 for a given H we need to replace L, u, and ug with functions of 0. Doing this and simplifying 


2 2 
òL 50 2 
uy(0) = [ms aon 1 + tan(0) 1 


Given data: 
H 57.7 ft 
ÓL = 0.5 ft 
50 = 0.2 deg 


For this building height, we are to vary 0 (and therefore L ) to minimize the uncertainty U y. 
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Uncertainty in Height (H = 57.7 ft) vs 0 


4.0296 
2.0596 
1.4296 
1.1396 
1.0096 
0.9596 
0.9696 
1.0296 
1.1196 
1.2596 
1.4496 
1.7096 
2.0796 
2.6296 
3.5296 
5.3296 
10.6996 


1296 
1096 
896 
696 


r 
3 


496 
296 
096 


| ou | 


Plotting لا‎ vs 0 


Optimizing using Solver 


To find the optimum 0 as a function of building height H we need a more complexSolver 


Optimum Angle vs Building Height 
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rw] 
[ مه‎ 
[ 90» | 


Use Solver to vary ALL 6's to minimize the total u اې‎ 


Total u y's: 11.3% 


Problem 0 [5] 


1.50 In the design of a medical instrument it is desired to dispense 1 cubic millimeter of liquid using a piston- 
cylinder syringe made from molded plastic. The molding operation produces plastic parts with estimated 
dimensional uncertainties of +0.002 in. Estimate the uncertainty in dispensed volume that results from the 
uncertainties in the dimensions of the device. Plot on the same graph the uncertainty in length, diameter, and volume 
dispensed as a function of cylinder diameter D from D = 0.5 to 2 mm. Determine the ratio of stroke length to bore 
diameter that gives a design with minimum uncertainty in volume dispensed. Is the result influenced by the 


magnitude of the dimensional uncertainty? 


Given: Piston-cylinder device to have V =1mm?. 

Molded plastic parts with dimensional uncertainties, = + 0.002 in. 

Find: 

a. Estimate of uncertainty in dispensed volume that results from the dimensional uncertainties. 
b. Determine the ratio of stroke length to bore diameter that minimizes u y; plot of the results. 
C. Is this result influenced by the magnitude of 5? 

Solution: ^ Apply uncertainty concepts from Appendix F: 


1 
Computing equation: V DL, u + Lov | 3 DOY ٢ 
مر مس‎ do ونان ادد‎ VoD P 


ne 
From V, + 2 =1, and 2 2 =2, so uy =+[u? +(2up) P 


The dimensional uncertainty is 6 = +0.002 in. x 25.4 =" = +0.0508 mm 


Assume D = 1 mm. Then L = 4% = 4 x 1 mm? x —1— = 1.27 mm 
7D 7 (1) mm 


0.0508 


=i = +5.08 percent 


uy = :(4.00)? + (2(5.08)) T? 
= SIT. = +4.00 percent 


uy = +10.9 percent 
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To minimize u y, substitute in terms of D: 


; ! sy sv Tf mori? 
uy = +[(u,) + (2up) - ۰ «(22 =f n" ô (25) 


This will be minimum when D is such that 0[]/0D = 0, or 


2 2 4 
BU A ap? syl اوو ودل و‎ 2). pose se 
Dp? 7 


OD ٧ 7 
1 
i( 4 3 3 
Thus Doy -2(4. 1mm =122 mm 
7 
4۷ 4 1 
The corresponding L is Le ای سي‎ mm? x 53 = 0855 mm 
aD 7 )122( mm 
0.855 
The optimum stroke-to-bore ratio is L/D) opt = > = 0.701 (see table and plot on next page) 
.22 mm 


Note that 6 drops out of the optimization equation. This optimum L/D is independent of the magnitude of 6 
However, the magnitude of the optimum u y increases as 6 increases. 


ô = 0.002 in. 0.0508 mm 
Uncertainty in volume of cylinder: A 
V = 1 mm 


D (mm) L(mm) L/D (---) un%) u(%) uy(%) 


0.5 5.09 10.2 10.2 1.00 20.3 
0.6 3.54 5.89 8.47 1.44 17.0 
0.7 2.60 3.71 7.26 1.96 14.6 
0.8 1.99 2.49 6.35 2.55 13.0 
0.9 1.57 1.75 5.64 3.23 11.7 
1.0 1.27 1.27 5.08 3.99 10.9 


1.1 1.05 0.957 4.62 4.83 10.4 
1.2 0.884 0.737 4.23 5.75 10.2 
1.22 0.855 0.701 4.16 5.94 10.2 


1.3 0.753 0.580 3.91 6.74 10.3 
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1.4 0.650 0.464 3.63 7.82 


1.5 0.566 0.377 3.39 8.98 


1.6 0.497 0.311 3.18 10.2 


1.7 0.441 0.259 2.99 11.5 


1.8 0.393 0.218 2.82 12.9 


1.9 0.353 0.186 2.67 14.4 


2.0 0.318 0.159 2.54 16.0 


2.1 0.289 0.137 2.42 17.6 


2:2 0.263 0.120 2.31 19.3 


2.3 0.241 0.105 2.21 21.1 


2.4 0.221 0.092 2.12 23.0 


2.5 0.204 0.081 2.03 24.9 


i 
| 


Uncertainty vs. Diameter 


دم 
a‏ 


۷ 


(mm)‏ | سه سه سه 
uD (%)‏ — — 
uL (%)‏ 
uV (%)‏ 


20 


15 


10 


Cylinder Diameter, D (mm) 
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Uncertainty in Volume, uy (%) 


Problem 2.1 


2.1 For the velocity fields given below, determine: 

a. Whether the flow field is one-, two-, or three- 
dimensional, and why. 

b. whether the flow is steady or unsteady, and why. 

c. (The quantities a and ۸ are constants.) 
(1) V = [aye]; (2) V = aî + bxj + ck 
(3) V = axyí — bytj (4) V 2 axi — byj + ctk 

V = lge- P024 pi Y= al? vp 

(5) V = [ae ™]i + bt*j (6) V 2a(x^ + y?) "(Uz)k 
(7) V = ه)‎ Di —by^j (8) V = axî + bxzj + cyk 


Given: Velocity fields 


Find: whether flows are 1, 2 or 3D, steady or unsteady. 


Solution: 

> > > > 

(1) V= V (y) 1D ۷ = V(t) Unsteady 
> > > > 

(2) V = V (x) 1D V æ V(t) Steady 
> > > > 

)3( V = V (x,y) 2D V= V (t) Unsteady 
> > > > 

(4) V = V (x,y) 2D V= V (t) Unsteady 
> > > > 

(5) V = V (x) 1D V= V (t) Unsteady 
> > > > 

(6) V = V (x,y,z) 3D Vz#V(t) Steady 
> > > > 

(7) V - V (x,y) 2D V= V (t) Unsteady 
> > > > 

(8) V = V (x,y,z) 3D V #V (t) Steady 
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Problem 2.2 2 
Gruen: Viscous liquid Sheared bthuecn parallel disks , 


Upper disk rotates, lower fixed. i 2 
kd S V=& rh. ET 
Ve locity fe ld e 3 5 


Fund: (a) Dimensions ot veloci fj Ae kd. 
(b) satrsty physical boundary tonahoss. 


Solution: To find dimensions Compare to V = ۷ و مه‎ 3) rem. 


The gı en) held ئی‎ /)۶ 3). Two space coordinates art 
¿naclieded, So Held ts 2 


Flow must satisfy thé 00 ک١‎ 57 
(O At lower diste, Y =0, since stahonary. 


270,50 ٥٥9 ru lo) ln =0 < satisfied 


(2) At Upper ask, V. = Eg rw, since IF rotates as ه‎ Solid body. 


g=h, £o ۷ (ما اد و2-‎ Jh =O, rw 2 sahstieds 
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OP 


[1] 


Streamline Plots 


y (m) 


s7", and the coordinates are measured in 
meters, obtain an equation for the flow streamlines. Plot several 


Problem 2.3 


2.3 For the velocity field V — Ax?j + Bxyj, where A = 
ms B = -1⁄2 m`! 


streamlines for positive y. 


Given: Velocity field 
Find: Equation for streamlines 
Solution: 
For streamlines ta Bay BY 

u dx A 2 Ax 

X 

So, separating variables ey = Em 

y A x 
Integrating In(y) = —-In(x) +c = ——-In(x) + c 
The solution is y= = 


The plot can be easily done in Excel. 
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Problem 4 
(Es i: صد لا‎ Leia ` X = مه‎ bu 3 du em Cas) 
CONG Equis fae Be Bou Areor\wes 


, and 
AS Re حون‎ | reales lor Xo and we 
ماو‎ H 


س 


de ope 2 Be Areanlnes n Me په‎ 4 rane چا‎ Av پا‎ 


A Y 
2 ak AX l 
Foc N = SY : Wen we ar 1 v= = Sy Aea 
O 
په‎ vu a 


Xe e Nue d (acer Nol eq polos 


٩ Sapas oie Um we ond وو‎ 


i * PTS Cc were‏ ما = y‏ ما 
ec |‏ 


econo = خا‎ c 


or oler Uds 


For a 


is SEN ېله د‎ 
ROS 


= نه‎ alo = " 4 ‘and We Areon es 
a Su e Eq usos 


e 
= or سو‎ = 
kK A 

Tor c= o ao ¿qe ENSE anA تت‎ Cox a 


یوغه 


D ES l . 
e eo udlion = S چا‎ We eq pals an 
5€ ogee Be, 


ase shawn Lor desen‏ مها ها 
SONO ES of;‏ 


Co 


P 
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Problem 2.5 2] 


2.5 A velocity field is given by V = axî — btyj, where a = 1 s7! 
and b = 15 ^. Find the equation of the streamlines at any time t. 
Plot several streamlines in the first quadrant att = O s, t = 1 s, 
and f = 20 s. 
Given: Velocity field 
Find: Equation for streamlines; Plot streamlines 
Solution: 
: v dy  —b-t-y 
For streamlines === 
u dx a-x 
; : y -bt dx 
So. separating variables = ESI 
y a X 
: -b-t 
Integrating In(y) = — -h (x) 
a 
-b 
— +t 
The solution is y چم د‎ " 
c -20 
Fort=0s چ‎ Cc Fort=1s y=- For t=20s y=cx 


t=20s 


EHHH | HHHHHH 
IHHHHHL | dH 
HEHEHEHEHE | HH 
IHHHHHL | HEH 
IHHBHHL | HH 
[ 0.606 | | eee 
[090 | 823 | 16.45 | 24.68 | 


t=1s 
(### means too large to view) 
c=1 c=2 c=3 


[oso | 2.00 | 400 | 6.00 | 
oso | 167 | 333 | 5.00 | 
Coso | 111 | 2.22 | 335 | 
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Streamline Plot (t = 0) 


0.5 1.0 1.5 2.0 


Streamline Plot (t = 1 s) 


Streamline Plot (t = 20 s) 
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3.5 7 


3.0 4 


2.5 4 


2.0 4 


1.5 4 


1.0 4 


0.5 4 


0.0 
0.0 


[1] 


Problem 2.6 


2.6 A velocity field is specified as V = axyí + by^j, where a = 2 
s7}, and the coordinates are measured in 


mis! b = —6 m7! 


meters. Is the flow field one-, two-, or three-dimensional? Why? 
Calculate the velocity components at the point (2, 12). Develop an 


equation for the streamline passing through this point. Plot several 


streamlines in the first quadrant including the one that passes 


through the point (2, ¥). 


Given: Velocity field 


Find: Whether field is 1D, 2D or 3D; Velocity components at (2,1/2); Equation for streamlines; Plot 


Solution: 


The velocity field is a function of x and y. It is therefore 2D. 


At point (2,1/2), the velocity components are u = a:xy = لو‎ x 2:mx =m u=2-— 
: 5 
2 1 : 3m 
v=by 2-6——x|—m V = 
. 2 2 s 
v dy by b 
For streamlines J _ 2y رون‎ 
u dx axy ax 
So, separating variables 3y - b dz 
y ax 
b 
; b a 
Integrating In(y) = —-ln(x) + c y=Cx 
a 
$c -3 
The solution is y = Cx 
i : : رز لځ‎ -3 1.3 
The streamline passing through point (2,1/2) is given by -=C2 C= 2 C=4 


Streamline for C‏ سسه 
Streamline for 2C‏ 

=== Streamline for 3C 

=-=- Streamline for 4C 


This can be plotted in Excel. 
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Problem 2.7 2] 


2.7 A velocity field is given by V = ax* + bxy^j, where a = 1 
m7? 57! and b = 1 m^? s^. Find the equation of the streamlines. 
Plot several streamlines in the first quadrant. 


Given: Velocity field 
Find: Equation for streamlines; Plot streamlines 
Solution: 
Streamlines are given by =e = = ETE 
u dx 3 
a-x 
So, separating variables E = = 
y ax 


Integrating -—— = 


The solution is دل‎ Note: For convenience the sign of C is changed. 


0 2 4 6 

y 
| 016 | 0.15 | 0.14 | 0.14 | 
| 022 | 020 | 019 | 018 | 
| 032 | 027 | 024 | 0.21 | 
| 039 | 031 | 026 | 0.23 | Streamline Plot 
HET 
a 
| 063 | 039 | 031 | 0.26 | 
| 067 | 040 | 031 | 0.27 | "ES 
| 081. 
| 084. 
| 087. 
| 089. 
| 092. 
| 0.95 | 


Doi 
e 
T 
| 

0.0 ! ! | | 
7 a us " 7 
x 


0.05 
0.10 
0.20 
0.30 
0.40 
0.50 
0.70 
0.80 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
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Problem 8 2] 


2.8 A flow is described by the velocity field V = (Ax + B)i+ 
(—Ay)j, where A = 10 fUs/ft and B = 20 ft/ s. Plot a few stream- 
lines in the xy plane, including the one that passes through the 
point (x, y) = (1, 2) 


Given: Velocity field 
Find: Plot streamlines 
Solution: 
Streamlines are given by Lp e = Ay 
u dx Ax+B 
dy dx 
So, separating variables — 
m —A y Ax+B 
1 1 B 
Integrating ——In(y) = = n 23 
T A P. ( A, 
The solution is C 
ye == 
rt— 
A 
B) ) 20 6 
For the streamline that passes through point (y) = (1.2) C= s|: + A | - 21 + 2 - 6 y= = 
f "i ېچو‎ 
6 10 
y = 
x+2 
A= 10 
B= 20 
C= 
1 2 4 6 
| x | y 
200 | 050 f 100 f 200 f 300 
; E 1 Streamline Plot 
3.5 4 
—Cc-1 
3.0 —Ü-2 
25 4 PE زو‎ 
=c = 6 (xy) = (1.2) 
2.0 
> 
1.5 4 
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[2] 


At = 0.75:s 


Problem 2.9 


2.9 The velocity for a steady, incompressible flow in the xy 
plane is given by V =ÍA/x + JAylx?, where A = 2 m?/s, and the 
coordinates are measured in meters. Obtain an equation for the 
streamline that passes through the point (x, y) = (1, 3). Calculate 
the time required for a fluid particle to move from x = 1 m tox = 2m 
in this flow field. 


Given: Velocity field 
Find: Equation for streamline through (1,3) 
Solution: ! 
A. 
v d x? 
For streamlines LONE ee -7 
dx A x 
X 
So, separating variables dy = ax 
y x 
Integrating In(y) = ln(x) +c 
The solution is y =C-x which is the equation of a straight line. 
For the streamline through point (1,3) 3=C1 C23 and y=3-x 
; dx A 
For a particle up = a =— or x:dx = A-dt X = ¥ 2-A-t+ c 
1 X 


Hence the time for a particle to go from x = 1 tox = 2 m is 


| Qm -c (1m) - c 4m. -1m 


At = t(x = 2)-t(x=1 At 
( ) - t¢ ) 7 TN J 
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Problem 2.10 [3] 


2.10 The flow field for an atmospheric flow is given by 
» Ky : Kx 8: 

VA 

2n(x* + y*) 2n(x^ + y^) 

where K = 5 x 10° m/s and the x and y coordinates are parallel 
to the local latitude and longitude. Plot the velocity magnitude 
along the x axis, along the y axis, and along the line y — x. For 
each plot use the range — 10 km = x or y = 10 km, excluding Lvl 
or lyl = 100 m. Find the equation for the streamlines and sketch 
several of them. What does this flow field model? 


Given: Flow field 


Find: Plot of velocity magnitude along axes, and y = x; Equation of streamlines 
Solution: 
On the x axis, y 7 0, so u=- Y =0 Y = کک‎ - K 
mer + y ) "E + y ) روي‎ 
Plotting 
100r 
5 
um 
E 
= 5 10 
-100- 
x (km) 
The velocity is perpendicular to the axis, is very high close to the origin, and falls off to zero. 
This can also be plotted in Excel. 
On the y axis, x = 0, so NET. A A TENE. NE 
2-7) +y 2X +y 
100r 
Plotting 
5 
2 
= 
dd -10 -5 0 5 10 
B 
— 50 
-100- 
y (km) 


The velocity is perpendicular to the axis, is very high close to the origin, and falls off to zero. 
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This can also be plotted in Excel. 


: K-x K K-x K 

On the y = x axis ورزو‎ EE د.د‎ ۷ ^ - 
"EF +x ) FX "NE +x ) b 
The flow is perpendicular to line y 7 x: Slope of line y = x: 1 
Slope of trajectory of motion: ېټ ې‎ 
M 
If we define the radial position: ارح و‎ x? 4 y. then along y = x r-4 x + x = J2:x 
Then the magnitude of the velocity along y = xis V = y i + x = LOTES + te K = K 
47 2 2 2-2. 2T 


Plotting 


V(m/s) 


r (km) 
This can also be plotted in Excel. 
K-x 
2 2 
For streamlines hem ay - _ کے وا2‎ 
u dx K-y y 
2 2 
TEE +y ) 
So, separating variables ydy = —dx 
2 d 
Integrating > ېي چا‎ +C 
ره‎ Do. e د‎ ; ; 
The solution is X ty =C which is the equation of a circle. 


Streamlines form a set of concentric circles. 
This flow models a vortex flow. See Example 5.6 for streamline plots. Streamlines are circular, and the velocity approaches infinity as we 


approach the center. In Problem 2.11, we see that the streamlines are also circular. In a real tornado, at large distances from the center, the 
velocities behave as in this problem; close to the center, they behave as in Problem 2.11. 
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[3] 


Problem 2.11 


2.11 The flow field for an atmospheric flow is given by 


where M = 0.5 s^! and the x and y coordinates are parallel to the 
local latitude and longitude. Plot the velocity magnitude along the 
x axis, along the y axis, and along the line y — x. For each plot use 
the range — 10 km = x or y = 10 km, excluding lxl or lyl = 100 m. 
Find the equation for the streamlines and sketch several of them. 
What does this flow field model? 


Given: Flow field 
Find: Plot of velocity magnitude along axes, and y - x; Equation for streamlines 
Solution: 
On the x axis, y 7 0, so و‎ ya MR 
2-7 2-7 
Plotting 
10007 
ca 
E 
> 
— 1000- 
x (km) 


The velocity is perpendicular to the axis and increases linearly with distance x. 
This can also be plotted in Excel. 
On the y axis, x = 0, so سد ل‎ 0 


Plotting 


y (km) 


The velocity is perpendicular to the axis and increases linearly with distance y. 


This can also be plotted in Excel. 
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10 


1 


=x iex + × = 2× 


tas EE 
2-7 2-7 
Slope of line y = x: 1 
Slope of trajectory of motion: s: 
r=y x + y. then along y 


On the y = x axis 


The flow is perpendicular to line y = x: 


If we define the radial position: 


M My2 M: 
Then the magnitude of the velocity along y = xis V = y i H Y = “y x? x? - په‎ 8 
2-7 2-7 2-7 


— 1000- 
r (km) 
x 
| dy 2m " 
dx M-y 
2-7 
y-dy = -x-dx 
2 x 
3 2c 
2 
2 2 có د‎ : : 
x+y =C which is the equation of a circle. 


10007 


500] 


Plotting 


V(m/s) 


-10 


This can also be plotted in Excel. 


For streamlines 


So, separating variables 


Integrating 


The solution is 


The streamlines form a set of concentric circles. 


This flow models a rigid body vortex flow. See Example 5.6 for streamline plots. Streamlines are circular, and the velocity approaches ze! 
as we approach the center. In Problem 2.10, we see that the streamlines are also circular. In a real tornado, at large distances from the 


center, the velocities behave as in Problem 2.10; close to the center, they behave as in this problem. 
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Problem 2.12 


2.12 A flow field flow is given by 
E د‎ gy 
2n(x2+y?) = 2n(x* + y?)" 


= j 
where g = 2 X 10* m?/s. Plot the velocity magnitude along the x 
axis, along the y axis, and along the line y = x. For each plot use 
the range — 10 km = x or y = 10 km, excluding ll or lyl = 100 m. 
Find the equation for the streamlines and sketch several of them. 
What does this flow field model? 


Given: Flow field 
Find: Plot of velocity magnitude along axes, and y = x; Equations of streamlines 
Solution: 


x (km) 


On the x axis, y = 0, so 


Plotting 


u (m/s) 


The velocity is very high close to the origin, and falls off to zero. It is also along the axis. This can be plotted in Excel. 


qy q 


-0 دل‎ 
2? a y 2-11-y 
3 
2 
1 L 
5r 
-50 5 10 
- 157 
-25 
-35+ 
y km) 


qx 


On the y axis, x 7 0, so ن‎ 
2 2 
MEE ty ) 
Plotting 
T 
E 
> —10 -5 


The velocity is again very high close to the origin, and falls off to zero. It is also along the axis. 


This can also be plotted in Excel. 
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10 


On the y = x axis i= qx -_ 4 T" qx __ 4 


nnl + E EL 


The flow is parallel to line y = x: Slope of line y = x: 1 


Slope of trajectory of motion: eg 
u 


If we define the radial position: ٣ - له‎ x? 4 y. then along y = x r-4 x + x = J2:x 


Plottin 
8 35r 
2 
T 
2 
> 5 
r (km) 
This can also be plotted in Excel. 
qy 
2 2 
For streamlines | ځا ے‎ xh uM ) <= Y 
u dx qx X 
2 ae 4 y) 
So, separating variables dy = GE 
x 
Integrating In(y) = ln(x) + c 
The solution is y =C-x which is the equation of a straight line. 


This flow field corresponds to a sink (discussed in Chapter 6). 
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Problem 2.13 821 


Cae Nod CN. pore Ced SN ‘ Sia Ge ys ۷٢ 
Finds (gs Shaw Xo SSS EGER Ma Ss teed. Ye 


Ros ayala sore, o c c 
| S SN RR کے‎ pane, oa Name E 
s VL 
| اع١٤‎ Conpase odes: مه ملت‎ es. وه‎ Sone port 
| ESAS 
yA Ros ro Koha SS Qe Woy, KAA A= AT ay rok 
V osse. N س‎ Ks Qm O Ss 
c 
E & 
MS ېدا‎ = pa = Of €x * = asi ox. NEC Coat ic 


i M ui. ~ N AN & a 

TO Z a‏ مد 

PEN Ps ٢ WY and © ie ۳ m 
Me ې‎ A sls c, es ¿=e غه‎ KESS 

کي and as‏ سي m AR scu or Ak‏ سلا 


SN E. Dios Ve pen m ده‎ ae we RENNES X Cron 


* TERT 
- = که‎ Et Mn Gx = of or k= o EN Ex 
a XA 
T C. € د‎ AR pos Jet or = VS ا‎ Se 


MSS SSO Co ae ¿ML Das‏ وکرو 


d ra په و‎ e A 
کی ها د‎ us Ce XX -= = TA 
Mo A 
"us * "E ~\ = 
Gu دن‎ = " Be 
At Leo We NEC a Cu . Sea SS Ran 


Ae Wire Ke pane CN ha > eu 
ten Ke Arreola خی‎ X به‎ X Prone Mus Spe ake a a A 
Say x = ES =O 1 con Ve. خعک یچ‎ No Is 
ENS S 
MEN > ANAK = MA ze | 


Sw NO u نک‎ c LOS ۰ E 
SECUS Neon 6 نز‎ p eek ¡(QM Ds Na a 


ST 


$ 5 SQUARE 
S 5 SQUARE 
S 5 SQUARE 


17د لل لو 
iw | iar]‏ 000 


For t=20s 


Problem 2.14 


2.14 A velocity field is given by V = ayti— bxj, where a = 1 


s^? and b = 4 s^. Find the equation of the streamlines at any 


time f. Plot several streamlines at t = 05,1 = 1 s, and f 20s. 
Given: Velocity field 
Find: Equation of streamlines: Plot streamlines 
Solution: 
Streamlines are given by nm = = $$ 
u dx ayt 
So, separating variables a-t-y-dy = —b-x-dx 
a 1 2 1.2 
Integrating 5 aty -— bx +C 
pl 
The solution is y= |C- br 
1 at 
5 
For t=0s x-c Fort=1s y =yC-4x 


AAA A 
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Streamline Plot (t = 0) 


0.6 


Streamline Plot (t = 20s) 


2.0 4 
1.8 4 c= 


1.6 ooo E د١دنلنلننن#(‎ 
1.4 

1.0 
0.8 4 
0.6 4 
0.4 4 
0.2 4 
0.0 


0.0 0.5 1.0 15 2.0 2.5 
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Problem 2.15 [4] 


2.15 Verify that x, = —asin(of), y, = acos(cwt) is the equation 
for the pathlines of particles for the flow field of Problem 2.10. 
Find the frequency of motion œ as a function of the amplitude of 
motion, a, and K. Verify that x, = —asin(wt), y, = acos(cwt) is 
also the equation for the pathlines of particles for the flow field of 
Problem 2.11, except that @ is now a function of M. Plot typical 
pathlines for both flow fields and discuss the difference. 


Given: Pathlines of particles 


Find: Conditions that make them satisfy Problem 2.10 flow field; Also Problem 2.11 flow field; Plot pathlines 
Solution: 
The given pathlines are Xp = 74 sin (Ww-t) Yp = a-cos(w:-t) 
The velocity field of Problem 2.10 is u= VIEN A v= WE ae 
2 2 2 2 
nl +y ) "WE ty ) 


If the pathlines are correct we should be able to substitute x, and y; into the velocity field to find the velocity as a function of time: 


K-y K-a-cos(w:-t) K-cos(w-t) 
mm 2 2 2 2 2 Zn 2 2 
ils + y ) la -sin(w-t)” + a -cos(w-t) ) A 
e K.x K-(—a-sin(w-t)) _ _ K-sin(w-t) (2) 


mu E y) 2 fa sinus? " Posta) 2-T-a 


We should also be able to find the velocity field as a function of time from the pathline equations (Eq. 2.9): 


2 uc اد‎ (2.9) 


dt dt 


dx, dyp 
— = -à:w:cos(uw:t) v= d = —a-w-sin(w-t) (3) 
1 


c 
Il 


: K-cos(w-t K-sin(w-t 
Comparing Eqs. 1, 2 and 3 u = —a:w:cos(w-t) = ee) v = —a-w-sin(w-t) = O 
22 236 
K K F 
Hence we see that aw = 5 or w= for the pathlines to be correct. 
Tea 
22 
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The pathlines are 


To plot this in Excel, compute x, and y, for t 


ranging from 0 to 60 s, with o given by the 
above formula. Plot y, versus xy. Note that 


outer particles travel much slower! 


This is the free vortex flow discussed in 
Example 5.6 


The velocity field of Problem 2.11 is u= E v= Mx 
2-7 2-7 


If the pathlines are correct we should be able to substitute x, and yy into the velocity field to find the velocity as a function of time: 


u= = (4) 
2-7 2-7 2-7 
_ Mx  M.(-asin(wt)  Mrasin(wt) (5) 
2-7 2-7 2-7 
op dy 
Recall that u = — = —a-w-cos(w-t) y = — =-a-wsin(w-t) (3) 
dt dt 
Comparing Eqs. 1, 4 and 5 u = —a-wcos(w-t) = Pt do v = —a-w-sin(W-t) = QN 
2-7 2-7 
M ; 
Hence we see that w= = for the pathlines to be correct. 
T 
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To plot this in Excel, compute x, and yp fort 


ranging from 0 to 75 s, with o given by the 
above formula. Plot y, versus Xp. Note that 


outer particles travel faster! 


This is the forced vortex flow discussed in 
Example 5.6 


- 600- 
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The pathlines 


Note that this is rigid body rotation! 


[2] 


Problem 2.16 


2.16 Air flows downward toward an infinitely wide horizontal flat 
plate. The velocity field is given by V = (axi — ayj) (2-4 cos wt), 
where a = 5 s71, œ = 21 s^ !, x and y (measured in meters) are 
horizontal and vertically upward, respectively, and t is in s. Obtain 
an algebraic equation for a streamline at f = O. Plot the streamline 
that passes through point (x, y) = (3, 3) at this instant. Will the 
streamline change with time? Explain briefly. Show the velocity 
vector on your plot at the same point and time. Is the velocity vector 
tangent to the streamline? Explain. 


Given: Time-varying velocity field 
Find: Streamlines at t = 0 s; Streamline through (3,3); velocity vector; will streamlines change with time 
Solution: 
For streamlines Y Ms AP) oy 
u dx a-x(2 + cos(w-t)) x 
Att = 0 (actually all times!) ay NES 
dx x 
2 3 dy 
So, separating variables در‎ E 
۷ x 
Integrating In(y) = -In(x) +c 
— C jd : 
The solution is y == which is the equation of a hyperbola. 
x 
; ; 3 1 
For the streamline through point (3,3) C= 7 C =1 and y =- 
x 


The streamlines will not change with time since dy/dx does not change with time. 


1 
Att=0 u = ax (2 + cos(w:t)) = 5-— x 3-mx 3 
5 


5r 
m 
4r u= 45.— 
S 
3- 1 
v = —&à y: (2 + cos(w.t)) = 5-— x 3 
> 5 
zl m 
v=-45:— 
1 5 
The velocity vector is tangent to the curve; 


X Tangent of curve at (3,3) is 


Direction of velocity at (3,3) is 
This curve can be plotted in Excel. 
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TT Problem 2.17 [3] 
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Streamlines: 


t=0s Pathline ار‎ 


Nom 2S : Com ES 


y (m) 
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Problem 2.18 aaa 
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T Pathline and Streamline Plots 


| — Streamline at t= 0 s 
N ` نه‎ — —Streamline at t = 1s 
Morea pay G SS 301 |--- Streamline at t= 2 s e” 1 
Ca i\e “tks هد 254 ده سا‎ 76 yf 
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B] 


Problem 2.19 


12-19 A velocity field is given by V =axti— byj, where a = 0.1 
و‎ “and b = Ls . For the particle that passes through the point 
(x, y) = (1, 1) at instant t = O s, plot the pathline during the inter- 
val from ft = 0 to f = 3 s. Compare with the streamlines plotted 
through the same point at the instants f = 0, 1, and 2 s. 


Given: Velocity field 


Find: Plot pathlines and streamlines 
Solution: 
: s dx dy 
Pathlines are given by — =u = axt —=v=-d- 
p dt z 
: ; dx 
So, separating variables — = a-t-dt به‎ = —b.dt 
x y 
Integrating h(x) = —at +c] In(y) = -b-t + c2 
~ -b-t 
For initial position (x0.y0) X = Xge y 7 yoge 
Using the given data. and IC (xp.yp)= (1.1) att = 0 
0.05€ -t 
=e y=e 
Streamlines are given by Ls = = 23 
u dx axt 
So, separating variables = = — = 
y at x 
: د‎ 
Integrating In(y) = -— n(x) + C 
at 
ae 
The solution is y=Cx ** 
For streamline at (1.1) at t= 0 s cé 
For streamline at (1.1) at t= 1 s S od 
For streamline at (1.1) at = 2 s ys? 


http://librosysolucionarios.net 


Streamlines 
t=0 


1.00 1.00 
8 


EE 


Ml 


1.00 0. 
1.00 0. 
1.00 0. 
1.00 0.37 
1.00 0.29 
1.00 0.2 

1.00 0. 
1.00 0. 
1.00 0. 
1.00 0. 


e 
ER 
E 
y h 
ul 
E 


A 
N 
m 
pu h 
m 
Y 


T 
a 
ula 


E 


22 
.1 


امام 


E 


o 


a = 

[e] © 

o o 
o 

RN|N]|OoO|EA انا‎ co 


m 
uw 


0.0 
0.0 
0. 

0.0 
0.0 
0.0 
0.0 
0.01 
0.01 


1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 


یم 
RIO‏ 
co |o‏ 


Pathline and Streamline Plots 


o Pathline 
Streamline (t = 0) 
—— Streamline (t = 1 s) 


—— Streamline (t = 2 s) 


0.5 1.0 1.5 2.0 2.5 3.0 3.5 
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Problem 2.21 [3] 


2.21 Consider the flow field V = axtí + bj, where a = 0.1 s? 
and b = 4 m/s. Coordinates are measured in meters. For the par- 
ticle that passes through the point (x, y) = (3, 1) at the instant / = 0, 
plot the pathline during the interval from f = O to 3 s. Compare 


this pathline with the streamlines plotted through the same point 
at the instants f = 1, 2, and 3 s. 


Given: Flow field 
Find: Pathline for particle starting at (3,1); Streamlines through same point at t = 1, 2, and 3 s 
Solution: 
For particle paths = =u=a-xt and dy =v=b 
dt dt 
Separating variables and integrating — حا‎ 51 or In(x) = sat + C1 
x 
dy = b-dt or y = bt+c) 
Using initial condition (x,y) = (3,1) and the given values for a and b 
ې‎ = In(3-m) and Cy = مه‎ 
0.05” 
The pathline is then x= 3-e and y = 4t +1 
For streamlines (at any time t) 3 dy = E 
dx  axt 
So, separating variables dy = po 
at x 
f b 
Integrating y = —-ln(x)+ c 
at 


We are interested in instantaneous streamlines at various times that always pass through point (3,1). Using a and b values: 


b 4 
c= y-— -In(x) = 1- ——-In(3 
y at ( ) 0.1-t ( ) 


The streamline equation is y=1+ ELE 
t 


—— Pathline 
Streamline (t=1) 

- -- Streamline (t=2) 

=-=- Streamline (t=3) 


x These curves can be plotted in Excel. 
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Problem 2.22 [4] 


2.22 Consider the garden hose of Fig. 2.5. Suppose the velocity 
field is given by v= uoi + Vosin[w(t— x/ug)| 1 where the x direc- 
tion is horizontal and the origin is at the mean position of the 
hose, uo = 10 m/s, Uo = 2 m/s, and œ = 5 cycle/s. Find and plot 
on one graph the instantaneous streamlines that pass through the 
origin at f = 0 s, 0.05 s, 0.1 s, and 0.15 s. Also find and plot on 
one graph the pathlines of particles that left the origin at the same 
four times. 


Given: Velocity field 
Find: Plot streamlines that are at origin at various times and pathlines that left origin at these times 
Solution: 
. x 
vgrsin| ادا‎ t — - 
For streamlines him uy - i 
u dx ug 
Voy sin} w-| t 2 
0 up 
So, separating variables (t=const) dy = — ———— dx 
"o 
او م۷‎ w| t - Ž 
0 up 
Integrating لدل‎ > +e 
w 
x 
1 of - al — cos(w 1 
u 
. DD ey ses ao 0 
سيو و‎ ys DEDE y= i This gives streamlines y(x) at each time t 
: ee dx 
For particle paths, first find x(t) EM =u= u 
t 
Separating variables and integrating dx = ug:dt or X = ugtt C1 
Using initial condition x = 0 at t = t Cy = UT x = ug (t- 7) 
d Uy (t- 7) 
For y(t) we have Y = V 0ک م۷‎ w| t— E so S v = vg'sin| w| t - ————— 
dt u dt u 
0 0 
dy 
and — = ۷ = vysin(wT 
7 y sin(w-T) 


y = Vg'sin(w-T)-t+ C2 


y = Vo'sin(w-T)-(t— T) 


These terms give the path of a particle (x(t), y(t)) that started at t = 1. 


dy = vo:sin(w-T)-dt 


C) = -Vg'sin(w-T)-T 
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y(t,T) = vo-sin(w-T)-(t-T) 


Separating variables and integrating 
Using initial condition y = 0 att = T 


The pathline is then 


x(t,T) = uy (t-7) 


—— Streamline t = Os 

seus Streamline t = 0.05s 

=== Streamline t = 0.1s 

=-=- Streamline t = 0.15s 

—— Pathline starting t = Os 
ene Pathline starting t = 0.05s 
--- Pathline starting t = 0.1s 
=-=- Pathline starting t = 0.15s 


The streamlines are sinusoids; the pathlines are straight (once a water particle is fired it travels in a straight line). 


These curves can be plotted in Excel. 
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Problem 2.23 [5] 


2.23 Using the data of Problem 2.22, find and plot the streakline 
shape produced after the first second of flow. 


Given: Velocity field 
Find: Plot streakline for first second of flow 
Solution: 


Following the discussion leading up to Eq. 2.10, we first find equations for the pathlines in form 


Xp(t) = x(t.X9,Yo>t9) and yp(0 = y(t-x0-Y0>t0) 


where Xo, yo is the position of the particle at t = tọ, and re-interprete the results as streaklines 
Xato) = x(t-*0Y0>t0} and Yst(to) = ¥(X0-Yo>to) 


which gives the streakline at t, where xo, yg is the point at which dye is released (tọ is varied from 0 to t) 
For particle paths, first find x(t) — =1 = 0 


Separating variables and integrating dx = ug:dt or X = XQ + ug (t x: to) 


d d Xo + My -to 
For y(t) we have A v = 0ک م۷‎ w| t — = so A e v = Vgrsin w-| t — Xo + vor (t 7) 
dt u dt u 
0 0 
0 Xo 
and Y =y = vo si Ww: to m 
dt 10 


Separating variables and integrating dy = vg: E C - la y = yo+ vols - 5 (t = to) 
Up uo 
The streakline is then Xot (to) = Xp + Ug (t - to) Yst (to) = yo + vos EL - 2 - to) 
"o 
With X9 = ¥0 = 0 
اد نت د‎ yalo) =o |o) | (t= to) 
Streakline for First Second 
E 
> 0 2 10 


x (m) 
This curve can be plotted in Excel. Fort = 1, ty ranges from 0 to t. 
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Problem 2.25 [8] Part 1/2 | 
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Problem 2.25 


Streamlines: 959.6 
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Problem 2.26 [4] Part 2/2 


Pathline and Streakline Plots | 
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[3] 


The particle starting at t = 3 s follows the particle starting att = 2 s; 


Streakline att=4s 


EA 
[109 | 0.00 
[ 0.60 |-0.80 | 


[009 |-200 | 
[ 000 |-180 | 
[000 |-1.60 | 
[ 000 |-140 | 


2.5 


Problem 2.27 


2.27 Tiny hydrogen bubbles are being used as tracers to visual- 
ize a flow. All the bubbles are generated at the origin (x — 0, 


y = 0). The velocity field is unsteady and obeys the equations: 
u= | m/s v=2 ms Ost<2s 
u=0 v=-—1m/s 0zrz4s 

Plot the pathlines of bubbles that leave the origin at t = 0, 1, 2, 3, 


and 4 s. Mark the locations of these five bubbles at t = 4 s. Use a 
dashed line to indicate the position of a streakline at f = 4 s. 


Solution 


The particle starting at t = 4 s doesn't move! 


Starting at t = 2 s 


|x| 
| 
| 
| | 
| 
| | 
| 
| | 
| 
| 
| ار‎ 
| 0.00 | 
| 0.00 | -0. 
| 0.00 | -0. 
| 0.00 | -0.60 | 
| 0.00 | -0.80 | 
[0.00 | -1. 
| 0.00 | -1. 
[0.00 | -1. 
| 0.00 | -1. 
[0.00 | -1. 
| 0.00 | 


Pathline and Streakline Plots 
4 «4 o 
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a مې‎ 
2 H ” 
14 z : ” 
m 1 Pd 
y a a ” 
-0.5 0.5 — 10 15 2.0 
-1 o  Pathline starting at t = 0 
> T m Pathline starting at t= 1 s 
2 *  Pathline starting at t = 2 s 
=== =Streakline att = 4s 
-3 
پر‎ 


Pathlines: Starting att=0 Starting at t = 1 s 
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Problem 2.28 [4] 


2.28 A flow is described by velocity field, V = ay?i + bj, where 
a = 1 m`! s7! and b = 2 m/s. Coordinates are measured in meters. 
Obtain the equation for the streamline passing through point 
(6, 6). At ¢ = 1 s, what are the coordinates of the particle that 
passed through point (1, 4) at f = 0? At f = 3 s, what are the coordi- 
nates of the particle that passed through point (—3, 0) 2 s earlier? 
Show that pathlines, streamlines, and streaklines for this flow 


coincide. 
Given: 2D velocity field 
Find: Streamlines passing through (6,6); Coordinates of particle starting at (1,4); that pathlines, streamlines and 
streaklines coincide 
Solution: 
For streamlines oe gy = E: Or ay, dy = b dx 
u dx 2 
ay 
a: 3 
Integrating = =b-x+C 
For the streamline through point (6,6) C = 60 and y =6x+180 
1 dx 2 2 
For particle that passed through (1,4) at t = 0 u= E* = ay 1dx = × - x9 = ay dt but we need y(t) 
t 
dy 
e 1 dy = bdt y = yo + b-t = yo+ 2t 
t 
f 2 2 2 bet? 
Then X-X9-7 | a (yo + b-t) dt X=Xg+talyg ‘t+b-yot ERE 
0 
i 2 43 
Hence, with xg =1 yg-4 x=1+16t+8t + Att-1s x = 26.3:m 
y= 4+2: y = 6m 
For particle that passed through (-3,0) at t = 1 | 1dy = | b dt y = yo+ b-(t - to) 
: 2 2 2 2 p? 3 3 
X—Xg = [ a (yo + b-t) dt x = xg + a| yo (t -19) ebyp(t -to ) + a -to ) 
2t A 
4 1 
Hence, with xo = -3, yo = 0 tg = 1 x=-3 +a (8 1) B + (40-13) y = 2-(t-1) 
Evaluating at t = 3 x = 31.7-m y=4m 


This is a steady flow, so pathlines, streamlines and streaklines always coincide 
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Problem 9 [4] Part 1/2 


(a) 


Given: Velocity held in xy plant, V - څه‎ +bxf, whee 
Q= 2 mls and b* ls! 
Fund: (a) Equaten tr sircamime Through (xy) * (2,5). 


(b) At € * 2 5, coordinates of Particle (0,5) at اغ‎ 


(C) At €* 35, coordinates of Particle (L yars) ot t s, 


(d) Compare ر :77م‎ Shia due ۸-۸ line. 


Solution: Fora Sitamtn dx Uy 
غه هم دد دن‎ 


Fw Vzat را عمط ېډ‎ U=a and u=bx so 2 s% a 
7 


dx =& 
dx a 
Inkgrahng 
> E / = b „2 
T Gut oc Y axî te 


Evaluahng Cc at G,y)7(z,s), 


= - & 2 / / S 2 


To blak particles, Arrive parametric egua hens 


Up تب‎ -4,  dx-Aàdt, and X-X, =alt-to) 


Up = dy — dy = bxclt = b(x,* At —at,) 


) 


y-Y = bo G-to) + 2 (t*-&,*) - ate (€-4.) | 


Por tne partik at (Xo, Yo) * (0,9) at t =0, 
X= 0 Fat so at t-£5, x= Axis = 4m 
ya yr E do at bts yr Os 


y ومر‎ 
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Sham Lae through (x,y) “(SIS y= A pu. 


[4] Part 2/2 


Problem 2.29 
For the Parker at (4) 20,4) at £=) 5, 
په د مه‎ talt-to) = /tak-n 


Soatt=3 رک‎ x = /+ ۶ دل‎ = Sm 


Y = Yo + bxolt to) +È (t-t?) -Atolt-to) 


= 


| : 
زو هچ ×22 2 - ود bs I my) 4 gx‏ کج با 


5 At t*3.5 Yeher2rF-Y = late mM 


An these points lie on the same Stream hat, که‎ Shown below: 


(y (S lots) 


/0 
9 (b) (4,3) 
9 
2 Sita mn line 
Um) 
G 
g 
4 
3 
Z 
/ 
Ü 
D / 2 3 4 5 


For this sttady flow, Streamlines, Pathha e GNA strakas 
09١٠١ ر لك‎ QS €x ےو‎ 
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S 5 SQUARE 
S 5 SQUARE 
S 5 SQUARE 


LT 


Problem 2.30 [4] Part 1/2 | 
Given! Velocity held V = RYT t+ bth wher a اح‎ sb 9.5 mis tin L 
Find: (A) At t * 24, particle. that passes (12J at t=0S 


(5) At CABS, partic le thar passed (7,1) at t= Zs 


(C) Flot path link and shtakline 7/717 و و‎ h C1, 2); له‎ art 


with sintómiines at پس‎ L25. 


Solution: Path bet Gad streakline are based on paras meric 
eg aient fec a partici, Thus 


UU = E E e, 20 dy » bt dt, and Y“ خو 2 # يي‎ 


: a d 
ana la es say = TETE pt e] | 


E 
xp- ٧٢ نا‎ +2 Lim to ol, j OY و سل د‎ 2 


| 
Luh&ére Xo, ولا‎ 6 coordinates of P fe: At ta. | 


2 | 


For (as, tn دد‎ and M =(/, 2) Thus at s 23, Y= 7 a 
to =0 (2) 


i 0.5 77 (ais 
+ x په‎ 
y = 2 rr x zi = 3,00 17 Att= =24 ed = 


, i m اا‎ 52 (239 -0 ) 5. 7 
x= کی‎ Z m 2 0)5, بک‎ 5 e | O ES 5,67 rn cod 
For (b), ty =2 همه ,رک‎ (xay. 2,3, Thus att” 35, the partik Sato 
a At t= 23g, (ط 25 “را‎ 
Noe / " 2 1 - 
y (3) Ema dole (i| s* = 8.28 m DE 


| i (3,54 3.05) ° 
XG) = ime پل‎ ٧ (3-05, posta (A ae- 2))5? = 3,59 m | 
nnn 


Parte, the shrakline ma bt platted af a ny C by VA 114 [icm 
AS Shelton an the NEXE PEGE» 


The shtam bing 15 Tour (ar Gree E) Ann dx - dy 


LA ور‎ 
Ssubsiriihng )) ۰ل‎ and W~ bt, dee re dey Or y* x eot y FE 
Hus c - ووا‎ BE, l | 
"o 
[Ur زو‎ DP LAS wr deem cud 
2 
cel, 7 = > x FE ned ox uw 2) ther C=3 das 


t-2, a e at Cc (=) 2 <= = 2 hy tabs Ce] | 
A - — 
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in “Brand E e i d BM : E » i‏ سو 


[4] Part 2/2 


Problem 2.30 


— 
Recall V Aut + bth, whee als b=05 mÍS (Xo, Yo) = (1,2) m. 


8 - 
Pathline Plot 


Pact (a): Fathiine of particle located 
at (ko, Yo) Qe 5-705: 6 


y (m) 


(ss) x (m y (m) 4 
o 0, 1.00 2.00, 


i 


of 1| 3.08] 25 2 


| oj 3 926 425 0 


fart lo): Pathline of particle located 


EO om jy m 


1.00, 2.00, 


Pathline Plot 


y (m) 


H 
i 
L2 


x (m) 


Fart(c); Stream laces through pont (toys) at € =O, ll, and 25: 


, B sium 
tg o 1 2 3 


-| 40| 30| 20, 10 
to (s)| x (m) y (m)! y (m), y (m) y (m) 
1| 200 2.00 2.00| 2.00 
2 200 224| 245 2.65 
3, 2.00 2.45 2.83 6 
4| 2.00 2.65 3.16| 3.61 
5 200 283 3.46, 0 
6 200 3.00 3.74 4.36 
7| 2.00 3.16| 4.00| 4.69 
8 

9 

0 


Streamline Plot 


3s 


y (m) 


2.00 3.32 4.24 5.00, 
| 200. 346 447, 5.29 
2.00 3.61 4.69 5.57| 


Streak line at t= 34 of 
part ices that passed thru Streakline Plot 
pont («o Yo): 


y (m) 


to (s)| t(s) x (m)| y (m 
0 3 925 425 
1 3 667| 400 
2| 3| 358 325 


Ver A EPIS Colin 


3 3100 2.00, 
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kej 
c 
E 
b: 
8 
E 
ES 
* 


Problem 2.31 [4] Part 1/2 | 


eke Cw. poe um m (Nee a= ON e Nez Hs, 


Gien bl 
and cSordunotes ase measured mn meer 


Mi La, coor darokes of Şade Rak Ras‏ ده سی با 


Minus Goud = US dV tro 
ie dE Se UE ex Re amide RÄ شغ‎ 


ts‏ و که ¡SS‏ هه 
compose‏ ې eon N‏ ده MA e Roe and esee Neve‏ 


IR e می‎ o NN songs C SONS Ro لم‎ 
=o as 

SAS او‎ 

Se çe ankû Å evo NAP aye based on ېسه مې‎ 

eq poluons Cor a eec Ne. 


For o. Gasta woe aay and AY x SAU 


E ues rs 
S WEN = = که‎ ٩ (ene R نه‎ E Sak om Wad 
Se 


۷۳ , $ 2 یا ۸ په 

a = au = PN 2 Secs (Sa , NO EN e GAS Lun) 

Ry Re وما‎ eqpalrons ee Te se GI Coord eS ES £ Qe 
نیع‎ ese ON. Awe. نا‎ 


SN Ke SS یا‎ Sioned ES CNS S Su gos مل‎ MU. 
Paerd. ملو‎ Wwe ves ke SO = ENS Are NA =O 


ANGUS د يل حا لا‎ ES - Broa’ EN Se 
d ES چیا‎ = NS REN 
| SES sA aD EDN Q 


ak NE SAA SORA ANO be 4k xS‏ د 
on‏ 5 پا Mex Deua Se ea‏ : 


Sour‏ غه 


D e Acesbithvc as toser NSCS Cond سه می‎ D 
at ase ka As که‎ Be MARTA دې‎ qo sts. Sesa A 
: S و‎ 
pas یا‎ = CN A Sorge جعمناعمه‎ Nes bum 
E Woe دې پل‎ Y امه اه‎ = Br QU Oso 
ES We se AAA = ca NS 
نو و‎ د٢٢‎ Goa کا‎ o Sy Ca 


au. ROMANE voe Ne WAL 4 V OU SR X‏ د 
N = 3 * Os o‏ 
ce LER EN ah € 9 Ne S S‏ 


i . لال مک‎ 
Re پشسهشممیل‎ \S Cound Cos. ao Coe UM T u 


SS 


i 
سب سا‎ “Brand P 
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[4] Part 2/2 


E‏ <` لا امه 


A aes 


Problem 2.31 


g Sa 
MESES 
AL 


“e © 
SNC. eoe NV el Meer eos چا‎ 5 a 
SNA area Ss de uo x E y 
N ~ 3 
ww teo | AR 


w= A s WT ٢و د‎ 
SEEN Ps GL SES AL NN 


Streamlines: 5656 t=1s 


Pathline 7 t=2s 


y (m) 
A 


Streakline 
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Problem 2.32 


Gwen, We SE e us ascos کن‎ Ne QesoS ase ONE NONAS 
`s سینا‎ 
دا يی و‎ ex 


mere O= MAS Y “ese Xa lw x ٩ = WOSA 


Taa. a AN Cor غه وسکمش‌ی‎ uba MS DOS: 
Gro Xda Ten d ag هم‎ UNOS aC coSed Nx 
er per »عسکم‎ wa hares Romane. CS e cs. € کسه‎ 
sme Abs Grow ECCE TS A. 

Schon: 

Coe o. s.s.‏ هج 
Ve (ase net N^ Sea es lO BN Y‏ 
E WORSK S ona SIN on Aug A E “Vas‏ 


-% د‎ 
be RUNS Wags FS 


$= NON: SE = ٤ي‎ 
SK 


"as. ss Kh: (ues SON Dats 


~% E 
QNS NO CX د‎ 


q وا‎ NASA ٢ 
` . t- 
vere urls SÓN ose S ELI ېا یا د د‎ 


Coun ok T= 46 € (mana 


8 Ne a? ۱ 


VN Te l SBAN‏ دا 


NV ees Void) MA (S eee dsc WS aw N= Kor 
j= E AER |e v creck . 
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کیا یی ډیا LU‏ لیا لی 


SQUARI 

c? 5 SQUARI 
U. 

SOLARI 

SQUARI 

SQUARI 


HEETS, FILLER, 
ETS EYE-E يد‎ 


10100 


uuu 


100 RECYCLED ٤ 
42-399 200 RECYCLED WHITE 


Tu x 


Problem 2.33 


Gwen : S Reick Coes Á oov SEIT van Verges Aure ERRA NS 
co 
SS 


مل 
ما قحد = »جهللا 


NO‏ می 
ته S=‏ 
Cw Sx este) as‏ کنه of‏ کادصم یف Mine‏ یا Fina: E con‏ 
.يحیکدکمې unduan eC Men rouse A Nes SNC‏ 
Ched mai DINA, da Gon‏ مج صلیاا e dead ses‏ 
Aprenda B‏ 


For an idea ops .N- که‎ . Brow Vo. WM, عالاح؟ا‎ ۹ (hak 


eae SS Qe pl‏ یک 
BSS =. NS a ee ee Yk‏ 


vss چک‎ NASI DUM 
PM. 0 RS 24V. x, د‎ y NNSS HO E 
S7 ^ 2 Sax AES "mM SEN خم‎ X 


۹ | 
WS = ۹٥٧٥٧ vC PR 


y x= 
"Ns 
Gace. 5 مهه‎ SN lee : S = oa 

unie KV ose GO VN ات کا‎ 
Tadu که‎ TT xs cC = TAS. ۰ 
qe Maeso CN) ۷ Se no” le 
١ د‎ No. "VECCICN 
Ton Telhe Rac (eee Ae. D که‎ ۲٤ 
I= USES FR ls HS 


http://librosysolucionarios.net 


Sanon: 


5 SQUARE 
5 SQUARE 
5 SQUARE 


O ٧ 


Problem 4 


2.34 Some experimental data for the viscosity of helium at 1 
atm are 


TSG 0 100 200 300 400 
H, No s/nf(x 105) 1.86 2.31 2.72 3.11 3.46 


Using the approach described in Appendix A-3, correlate these 
data to the empirical Sutherland equation 

pr? 

1+ S/T 


(where T is in kelvin) and obtain values for constants b and S. 


u= 


Given: Viscosity data 

Find: Obtain values for coefficients in Sutherland equation 

Solution: 

Data: Using procedure of Appendix A.3: 


[ 2726-07 


2.72E-05 


The equation to solve for coefficients 


S and b is 
3/2 
ze 
Au b b 


From the built-in Excel Hence: 
Linear Regression functions: 


Slope = 6.534E+05 b= kg/msK'” 
Intercept = 6.660E+07 S= K 


R? = 0.9996 
Plot of Basic Data and Trend Line 
6.E+08 4 
X Data Plot 
SEE = Least Squares Fit 


4.E+08 4 
T” Iu 3.E+08 4 
2.E+08 4 


1.E+08 4 


0.E+00 T T T T T T T 
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(Table A.8) 


w 
Z 


m = 
max = OL p= LIAx10 7 


ls 


1-m | 1 " > 


— x 
1000-mm 0.1-mm 1-m 


E 0.1 
-8x L14x 10 پس‎ Û سه‎ 


Problem 2.35 


2.35 The velocity distribution for laminar flow between parallel 
plates is given by 


where A is the distance separating the plates and the origin is 
placed midway between the plates. Consider a flow of water at 
15°C, with Umax = 0.10 m/s and A = 0.1 mm. Calculate the shear 


stress on the upper plate and give its direction. Sketch the vari- 
ation of shear stress across the channel. 
Given: Velocity distribution between flat plates 


Find: Shear stress on upper plate; Sketch stress distribution 


Solution: 


Basi : du du d 2.y : 4 8Umax Y 
asic equation Tyx = i" با‎ dy max داو‎ |= nal و‎ |27 < 


At the upper surface y = and h = 0.1-mm 


NIS 


N. 
Hence 3 : 


E 
Il 


5 
m 


N 

بس 56 ه = Tyy‏ 

= 2 
m 


The upper plate is a minus y surface. Since ty, < 0, the shear stress on the upper plate must act in the plus x direction. 


8: Jg 
The shear stress varies linearly with y Tyx (y) $= ; y 
h 
0.05r 
0.04 
0.03r 
0.02r 
p Ott 
= 
& 
> 


Shear Stress (Pa) 
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Problem 2.36 


2.36 The velocity distribution for laminar flow between parallel 


” 
2y\~ 
Umax h 


plates is given by 


where h is the distance separating the plates and the origin is 
placed midway between the plates. Consider flow of water at 
15°C with maximum speed of 0.05 m/s and h = 0.1 mm. Calcu- 
late the force on a 1m? section of the lower plate and give its 


Velocity distribution between parallel plates 


Force on lower plate 


F=T A T. = — 
yx yx dy 
du d. f E y : 4 8 may Y 
us 4. max} * = dmax| ^5 nix 
dy dy h? h? 
Toy == and F=- 
y 2 2 
h h 
h 
y= = and h = 0.1-mm A= 1m? 
m -3 N's 
Umax = کو‎ u = 144x 10 um (Table A.8) 
m 
Fasi skir CE, ee ES VE 
". S 2 1000-mm 10.1 mm 


F = 2.28-N (to the right) 
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direction. 
Given: 
Find: 
Solution: 


Basic equations 


so 


At the lower surface 


Hence 


Problem 2.37 [2] 


Explain how an ice skate interacts with the ice surface. What mechanism acts to reduce 
sliding friction between skate and ice? 


Open-Ended Problem Statement: Explain how an ice skate interacts with the ice 
surface. What mechanism acts to reduce sliding friction between skate and ice? 


Discussion: The normal freezing and melting temperature of ice is 0°C (32°F) at 
atmospheric pressure. The melting temperature of ice decreases as pressure is increased. 
Therefore ice can be caused to melt at a temperature below the normal melting 
temperature when the ice is subjected to increased pressure. 

A skater is supported by relatively narrow blades with a short contact against the ice. The 
blade of a typical skate is less than 3 mm wide. The length of blade in contact with the ice 
may be just ten or so millimeters. With a 3 mm by 10 mm contact patch, a 75 kg skater is 
supported by a pressure between skate blade and ice on the order of tens of megaPascals 
(hundreds of atmospheres). Such a pressure is enough to cause ice to melt rapidly. 

When pressure is applied to the ice surface by the skater, a thin surface layer of ice melts 
to become liquid water and the skate glides on this thin liquid film. Viscous friction is 
quite small, so the effective friction coefficient is much smaller than for sliding friction. 
The magnitude of the viscous drag force acting on each skate blade depends on the speed 
of the skater, the area of contact, and the thickness of the water layer on top of the ice. 
The phenomenon of static friction giving way to viscous friction is similar to the 
hydroplaning of a pneumatic tire caused by a layer of water on the road surface. 
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Since ty, > 0, the shear stress on the surface must act in the plus x direction. 


Problem 2.38 [2] 
2.38 Crude oil, with specific gravity SG = 0.85 and viscosity 
u = 2.15 X 107? Ibf- s/f, flows steadily down a surface inclined 
0 = 45 degrees below the horizontal in a film of thickness A = 0.1 
in. The velocity profile is given by 
u= 28 (iy = 5) sin 0 

۸١٢ 2 
(Coordinate x is along the surface and y is normal to the surface.) 
Plot the velocity profile. Determine the magnitude and direction 
of the shear stress that acts on the surface. 
Given: velocity profile 
Find: Plot of velocity profile; shear stress on surface 
Solution: 

2 2 
. TE |. 8 y : . "C 5 |pgh . 
The velocity profile is u=—-|hy- > -sin(0) so the maximum velocity is at y -h unax = EE sin(0) 
p p 
1 2 
Hence we can plot zal 10 
Umax h h 
tr 
0.87 
0.67 
= 
> 
0.47 
0.27 
0 0.2 0.4 0.6 0.8 1 
u/umax 
This graph can be plotted in Excel 
; 2 -3 lbf. 
The given data is h = 0.1-in p = 2.15 x 10 = 0 = 45-deg 
ft 
du du — d pg y. 
Basic equation Tuy = ام‎ Tuy = p— = po —-|hy-— }-sin(®) = p-8:(h — y):sin(0 
yx Y yx Y Bon کو‎ (8) = p-g-(h- y)-sin (0) 
At the surface y = 0 Tyx = p-g-h-sin(6) 
slu ft 1-ft Ibf-s? 
Hence Tuy = 0.85 x 194-558 x 32,2.— x 0.1:inx —— x sin(45-deg) x Ta = 0213. — 
y "E E in slug: ft y ft 


The surface is a positive y surface. 
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Problem 2.39 


Gen: Sader کې‎ werd ds too 3 Md a وه‎ Mole بې‎ 
oped X= 20 Ele. . یه‎ Blade | EN oo 
L= ٧.5١٢ aná wA wus O0 REM. didus 
MAS CAN of wef of Mea NS LS as ie vs 


End. Ve c AscNesoN aon of Re Mor dis No ES 


ONES. 


pic | 


Wed Bas غه‎ ore-duynersiona ¿neos as 


e 


اي پم — 


Y= to € ls‏ . سک ودد و 
rS | du‏ 
pul | Bost eq OLN : Cue i :‏ 


LE ھشن د می د دا 7 دنو د‎ 
e ex Vener KENTAN a Ne 


| 


Á 


aes Negu هی‎ 

Tron للا‎ ¿Age má W. HR BOF 

pe و‎ as? bes Lar 

a= = B EET SES PES £ ee د ای‎ 2 
ES د‎ EV pa S Kè S NS So WM m 
بت د‎ x33 چا‎ lee 

لي 
FL = VAGA ag 5 Ew qx‏ 2 
اخ رن هان 
Q= w‏ 


if 


< 


x 
SAM, WS + ON, کلهد‎ |. A X 
dU TER "Med uA 


? 
if 


- ama Rige 
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Problem 2.40 


Quen “Beck of went vo WS ې‎ Sone an eoch مدد‎ v5 Quicd UR 
a Prone. ined له‎ EP ده‎ e hormonal j Oner o rn 
of SRE ox oNoN کی‎ . We Speed ol Be Wack ما‎ condat 
hu Roa RR, ENS Gent ©, 
doy proa A Ge E 

Find : 


For ce cewre 
کټ‎ tees 


Sica Me کا املا‎ noum A condi eNecNa NT on LES 
Gene We Caras Aa iss Bice: wees of مې‎ ond loot A e. 


C ES soon, deacon of Ye Wak. 
c 


E 
pda 


£ N 
‘N 


Sna 2F © Men, Vo-4 ow SS =o 


y 
Na re RE Senet Kariin . Ç = Ww 
Uese “x = ښوه »خا‎ 


3 


For یسو‎ Yt ROTA So د"‎ at I P a ~ 


6 
1 1 
Ande Ç = XA = PS A 


QU 


T | “WA SAB FO 
SÉ 


AS : 
Xe 2s a A Sone 


Ii RE, p^ 330 ws slut 


WU : 
v ان ق‎ * V کو‎ 


-È 
= Bao “US 
we 


s o Nee 


2.08% we Of S i e Lr 5 ےر‎ 
AS Gorm, SI sed 
ar Wo S CoO (in 
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Problem 2.41 [2] 


2.41 Tape is to be coated on both sides with glue by drawing it 
through a narrow gap. The tape is 0.015 in. thick and 1.00 in. 
wide. It is centered in the gap with a clearance of 0.012 in. on 
each side. The glue, of viscosity [4 = 0.02 slug/(ft * s), completely 
fills the space between the tape and gap. If the tape can withstand 
a maximum tensile force of 25 Ibf, determine the maximum gap 
region through which it can be pulled at a speed of 3 ft/s. 


Given: Data on tape mechanism 
Find: Maximum gap region that can be pulled without breaking tape 
Solution: 
Basic equation mE and F- A 
q Tyx =p dy - Tyx 
Here F is the force on each side of the tape; the total force is then Fy = 2:-F = 2Tyg A 


du V-0 V 


The velocity gradient is linear as shown 
dy c c 


The area of contact is A=w-L 


Combining these results 


۷ 
Cc 


Frc 
Solving for L = —— 
2-4: Vw 
1 , . slug ft . 
The given data is FT = 25-1bf c = 0.012-in u= وي‎ T V =3— w = Lin 
۹5 5 

1ft 1 1 . 1 11 12 lug: ft 
Hence EE a EE T okay ge L = 2.5ft 

12in 2 0.02 slug 3ft 1in 1ft bf 
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Problem 2.42 [2] 


2.42 A 73-mm-diameter aluminum (SG = 2.64) piston of 
100-mm length resides in a stationary 75-mm-inner-diameter steel 
tube lined with SAE 101۷-30 oil at 25°C. A mass m = 2 kg is sus- 
pended from the free end of the piston. The piston is set into 


cut to set 
in motion 


m 
لا‎ 


7 
2 
2 

motion by cutting a support cord. What is the terminal velocity of VEA d 

— 1 : ودي‎ 5 "thi : : f 

mass m? Assume a linear velocity profile within the oil. / 1 piston 
3 oil film 
/ oii fi 
: tube 
: 
: 


Given: Flow data on apparatus 

Find: The terminal velocity of mass m 

Solution: 

Given data: Dpiston = 73-mm Diube = 7 Mass = 2-kg L = 100-mm SGA] = 2.64 
Reference data: Pwater = 1000. (maximum density of water) 


From Fig. A.2:, the dynamic viscosity of SAE 10W-30 oil at 25°C is: y = 01325 
m 


The terminal velocity of the mass m is equivalent to the terminal velocity of the piston. At that terminal speed, the acceleration of the 
piston is zero. Therefore, all forces acting on the piston must be balanced. This means that the force driving the motion 
(i.e. the weight of mass m and the piston) balances the viscous forces acting on the surface of the piston. Thus, at r = Rpiston: 


TE: Dasi L d 
Mass + SG AT Pwater a :8= TA = ur (TDoiston'E) 
The velocity profile within the oil film is linear ... 
Therefore dy ^ ¥ 
dr E Poise) 
2 Tube 
Thus, the terminal velocity of the piston, V, is: (static 


2 
s(SGpy Pwater TPpiston “E + 4-Mass)-(Diube E Dpiston) 
8. p. TD L 


V = 
piston’ 


or Vv = کو‎ 
S 
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Problem 2.43 [3] 

2.43 The piston in Problem 2.42 is traveling at terminal speed. 
The mass m now disconnects from the piston. Plot the piston gut to set 
: ۸ d tr in motion 

speed vs. time. How long does it take the piston to come within 

| percent of its new terminal speed? / 

2 
Ẹ 
/ piston 
y eil film 
7 
: tube 
lv 
Given: Flow data on apparatus 
Find: Sketch of piston speed vs time; the time needed for the piston to reach 99% of its new terminal speed. 
Solution: 

f . m 
Given data: Dpiston = 73-mm Diube = 75:mm L = 100-mm SGA] = 2.64 Vo = nn 
Reference data: kg imum density of From Problem 2.42 

eference data: Pwater = 1000:—7 (maximum density of water) (From Problem 2.42) 

m 
Viscous force due 
From Fig. A.2, the dynamic viscosity of SAE 10W-30 oil at 25°C is: pu = دز و = وږو‎ 
m 
The free body diagram of the piston after the cord is cut is: 
2 
TD; 
1 E 5 piston 
Piston weight: Wpiston = SG AT Pwater E — کم‎ -L a 
Piston 
weight 
۷ 


(TDpistoniL) 


(Drube ~ Dpiston) 


X(0) = 8-۵-٧ 


Nile 


or EviscoudV) = W 
dV 
piston qc = Wbiston ^ EviscoudV) 
- 8p 
SGar P water Dpistori (Drube z Dpiston) 
dX — " dV 
dt dt 
dx = -—a:X where 
dt 
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Viscous force: Fyiscous( V) = TA 


Applying Newton's second law: 


dv 
— =g-aV where 
dt 


Therefore 


If V=g-a-V_ then 


The differential equation becomes 


at 


g-aV(t)- (g - aVo)e 


V; = 3.632 
S 


t= 1.93s 


The solution to this differential equation is: X(t) = Xge a or 


Therefore V(t) = [vo . 1 +2 
a a 


Plotting piston speed vs. time (which can be done in Excel) 


Piston speed vs. time 


V(t) 


t 


The terminal speed of the piston, V,, is evaluated as t approaches infinity 


or 
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Problem 4 [3] Part 1/2 


— e 


Pee VERE‏ سم ¿SN of SN‏ یا 
MAN esee $ S. Goa osea. Oil film‏ 
of Kek i ws A. mM ko (=o, (viscosity, 4)‏ 
سمش EGER APA‏ 
Aha ec da Re ES at Neo RN‏ 
oR Net‏ ود Cor e‏ سه VAS dcs e0 Nee‏ 
پل NM AOR‏ 
ها می نه de» ۷ Kore adivcd Q ER,‏ 
Sed 05 a re OA "-—‏ 
a Ke ae AL‏ دد Espress ton for‏ ( 
Ad» Ke veats A NEN s fad pe‏ 
SA Lon’,‏ 


. . از‎ d کپ‎ UNES TEC ee 
Gren ؛‎ Sok e moss A pi ue Or C $5 _ Cord 


i : d مه‎ ea چا‎ A 
E Bose eqpolases ۰ : a= = حر‎ Pann c iz 
د‎ ۳ NT 
B Keser دد‎ : O PA Sus ] 
* زا‎ cos r^ شک‎ AR وړ‎ Ae LN Oe Ee Ar. ma 


Mes, E ax pane — 
DNE E عر =۸ چ‎ ree A 
For Me hek, ZE, => BLE = M E 


Cor Ae Edna, NOS $ Pane = رزو‎ Ve VN SX 
us اي‎ 
ts Ay = = YN ¿Ren Lts, Bon Sq as ws رات‎ 


E on NX X 
y a نه‎ = = p — 
y د د دی دا‎ SR 


& يا 
ess JEN = QA a sS ` DK. = +‏ 
وک وص هغمه وم T wei EEE‏ دو Teo‏ 


q Cómo E هرود‎ Ea ESS aT XN 


Es SN 


adea T A 
Ca — رد د‎ Nex " 
x BR : NE 3 


Nose, EM Mo MUN, 
c سر‎ ee ON 


MEN 


movere Lor M, ٢ pa 
— BA 
ال‎ Man Ue X 
A 
e لف‎ M NACO هېه ېټ ېګ‎ AS Xo X = کو‎ 
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Problem 2.44 [3] Part 2/2. 


Desa ولسعا‎ Sert دلا شی‎ \ NE A Som \s, No ok 
|۸ ی د‎ Round Ne حا‎ ees XX e fm 


EC AGN gA, OX ASS اڅ که واو نوا‎ 
Wee Sun onda دور‎ ia Was SC sS يک ود‎ 


E gru 
M E i 
2 M= 5 kg 
Bee m= 1 kg 
AER 2 
28888 < A= 25 cm 
233358 3 i h= 0.5 mm 
239995 1 pe N.s/m? (From Solver or Goal Seek) 
: 
E Block Velocity vs Time 
[175 | 129 | 
“k ۷-7 
2.25 144 
2.50 
1.2 4 
3.00 10 
l 
V (m/s) 0.8 - 
3.75 06 
1 
04 
ud 
0.0 : + ; 
0.0 1.0 2.0 3.0 40. 50 
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Problem 2.45 [4] 


2.45 A block 0.1 m square, with 5 kg mass, slides down a 
smooth incline, 30° below the horizontal, on a film of SAE 30 oil 
at 20°C that is 0.20 mm thick. If the block is released from rest at 
t = 0, what is its initial acceleration? Derive an expression for the 
speed of the block as a function of time. Plot the curve for V(t). 
Find the speed after 0.1 s. If we want the mass to instead reach a 
speed of 0.3 m/s at this time, find the viscosity /٤ of the oil we 
would have to use. 


Given: Data on the block and incline 


Find: Initial acceleration; formula for speed of block; plot; find speed after 0.1 s. Find oil viscosity if speed is 0.3 m/s after 0.1 s 
Solution: 
Given data M = 5-kg A= (0.1-m)? d = 0.2-mm 0 = 30-deg 
From Fig. A.2 u= 04 
m 


Applying Newton's 2nd law to initial instant (no fricticM-a = M-gsin(0) — Fe = M-g-sin(®) 


: m a m 
so anit = gsin(0) = 9.81- x sin(30-deg) init = 97 
5 5 
f f ; : du ۷ 
Applying Newton's 2nd law at any instant M-a = M-g:sin(9) — Fẹ and Ff =T-A = 1 = Her 
y 
A 
so M-a = Má = M-gsin(0) — LEN 
dt d 
Separating variables ل‎ = dt 
p 
:sin(0) - ——-V 
gsin(6) - سل‎ 
Integrating and using limits Bad 1- و‎ lo -t 
wA M-g-d:sin(0) 
- A 
or V(t) = ME 1-e Md 
A 
0.4۰0.01 

m m? و‎ (GS 7-01) 
Att =0.1s V = 5:kg x 9.81- x 0.0002-m-sin(30-deg) x سب‎ oe x x|1-e 1 

5 04N.s(o1.m) 80 


V(0.1-s) = 0.404. 
5 


http://librosysolucionarios.net 


The plot looks like 


1.57 
t 

p 
2 
& 
> 

0.57 

l 


t(s) 


To find the viscosity for which V(0.1 s) = 0.3 m/s, we must solve 


ZWA o1 
M-gdsin) |, Med E 


V(t = 0.1-s) = 
( ) i 


The viscosity p is implicit in this equation, so solution must be found by manual iteration, or by any of a number of classic 
root-finding numerical methods, or by using Excel's Goal Seek 


N- 
Using Excel: u= 1.08. 
m 
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Problem 6 [3] 


Speed NS onda 


Gen’ Wee کب‎ moss MA Moves ÀA rada 
ow یاه‎ Gor 


Kuenea oC cero. fora FÎ 


sk of Mec Nue eb NS oss, MASCORNGA JM Neo &‏ که 


qM eese 3 Arr om 0 side. 


Fad: GS SN CONGU UM: DNA AS Lon ex E USE مه‎ 
oon <S Mak and RESINA ee € 


SS re —— Coe hare ce pared نلا‎ ta AS m of 
As AO کی‎ spad uinen e CN ay هس‎ 


X qa. Sage of Seu wos Kare ORTL.‏ نی 


Bos eqpaltons $ Tace J- په‎ 2. Fenn 
ما‎ esu Quos UN Vei S onian TOU. 
ve) Van eos veto Say erate w ot Gian 


کو و a SS‏ ې 
NN‏ رهم خر په خر خي 
Sr cote adts No e‏ يي - ىا لملا Baton eC‏ 
و EE No‏ خا مو europe NS * ss eas Koc x‏ رد 
ر RAR OR‏ & لملا کس Us tou dexos Lora‏ 
uda t ation of ٢‏ یي ع د مایا E, AS Tenmased‏ ملا 


ta 
OS a 


PANELS MC = 

. امه‎ and ee کک‎ ae 
سو مت سی د ورز‎ e ee M ex. Woe 

٧‏ سه ES‏ " شو 

AD o “a 

Seu 
Sch xS دا سه‎ 

EN ure MON‏ — = پا حا 

7 : 


sra naiona “Brand — il 
42 
P 


Lore 


Eco EQ We Lan y 
= ۴ 
ONSE TX | 
e ESTE us octo Se ta gone S Nee. 
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st 


Problem 2.47 


cached کک یں‎ vansa ae | = 
EUNT | 


| یی‎ 
drama À ده‎ » Ej لته تسنومک هو ونا‎ 
ave of Cromer), ond | wie, OR سه‎ cae 0 
Eu ٩ N n 


- nd ee 
Az on B Vows EDO pres 7 ہس‎ 


Nos غه‎ eo pose (As Le spasa eer vowe and Ave 
Mare. Vs 7 Mee sexa له‎ A Speed. , N = چا سک‎ 


Force, eqe eê Ne ENS We Lowe 


2. V. = يم‎ 


once ېې لا‎ = ania- y هه چچه‎ Loria mus We So vel. Ne 
Malos. idas Sorc Fe 


du 
F4 = A Gres e i e ar anà WR KAN 


ظفل wu Nas‏ کی کا یسه (hens wear u,‏ ه۵ aun‏ چا 
2 
ae N‏ لا le‏ 


DS a 


Da Áscess on gosie € Ss Sate, نشغه ميه‎ w^ وه ونا‎ Lass. 


an 
4 Sas eon Y 


E = to ېی‎ » 9n a ats Son LOA g SOr د ¢ ال‎ 


on p = * S^ 
NO cree Sco € ٣۲۳ AR va M. SM 


Ez CES N 


http://librosysolucionarios.net 


Quen: Lowe Adore, NE 


Find: 


+ 


[3] 


7.5cm 


7/ 
= 


Bae 


SS 
DRA MMS QM QM Ml Lt Ld 


0.85 cm 


"Yo Ml و ور رر وک‎ SS MOS A E HH 


MMMM eM D HE dd 


NOTE: Figure is wrong - length is 0.85 m 


11 cm 


Problem 2.48 


2.48 A double-pipe heat exchanger consists of two concentric 
fluid-carrying pipes used to transfer heat between nonmixing 
fluids. The figure shown below is a full-section view of a 0.85-m 
length of the double-pipe apparatus. 


SAE10W-30 oil at 100°C flows through the 7.5-cm-outer- 
diameter inside pipe. Water at 10°C flows through the annulus 
between the inside pipe and the 11-cm-outer-diameter outside 
pipe. The wall thickness of each pipe is 3 mm. The theoretical 
velocity profiles for laminar flow through a pipe and annulus are: 


Inner pipe: — uz(r) = Umax i- ( d ) 
R;, inside 


R? AP 


i, inside 


where: Umax = AuL 
"m 


Annulus — u;(r)— ES (=) 


Ro شر‎ 

2 2 , inside , Outside F 

Xx ÎR -P Sees et اسو‎ 
Ri, outside 


i, outside Ri, outside 
In| ——— 
Ro, inside 


Show that the no-slip condition is satisfied by these expressions. 
The pressure drop across the given length is 2.5 Pa and 8 Pa for 
the water and oil flows, respectively. If both flows are in the same 
direction (along the +z axis), what is the net viscous force acting 
on the inner pipe? 


Given: Data on double pipe heat exchanger 


Find: Whether no-slip is satisfied; net viscous force on inner pipe 


Solution: 


For the oil, the velocity profile is 


Check the no-slip condition. When r= R; 


2 2 

R.Á-R; 
For the water, the velocity profile is ujr)- ER e - r EIE و‎ 
4u L Rio Rio 

In} — 

Roi 

Check thi li dition. Wh 1 Ap 
eck the no-slip condition. en r= Roi uz(Ro;) = a R; 
1 Ap 2 2 2 2 

uz¿(Ro;) = سوک‎ -Roi + (Roi - Rio J 
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1 Ap 2 2 Roi ٥ Rio 
When r= Rio uz(Rio) = O Rio = Rio = In} — =0 
H io io 
In| — 
Roi 
The no-slip condition holds on all three surfaces. 
The gi datai 7.5-cm 7.5-cm 11-cm 
e given datais Ri = و‎ 3mm Ry = 3.45-cm Rig = Riy = 3.75:cm Roj = -3mm Rj = 5.2cm 
۵0 = 20 Apgi] = 8-Pa L = 0.85-m 
: R iom -3 N's 
The viscosity of water at 10°C is (Fig. A.2) My = 1.25 x 10 BL 


m 


The viscosity of SAE 10-30 oil at 1009C is (Fig. A.2) Mo] = 1x 10 وه‎ 


m 
8 du 
For each, shear stress is given by Try = ES 
r 
d ^ 2 2 
For water Tr =p Ea Hw 2 : is a Roi — Rio nf T ) 
rx = W = uw | ——-—— Rio == — 
dr dr | 4uọy L Rio Rio 
In) — 
Roi 
2 2 
"MN نه‎ Roi - Rio 
x = 2 
4 L T 
In} — |r 
oi 
2 2 
: 1 APw Roi ~ Rio 
so on the pipe surface Fw = TxA = انس‎ 2:1 g~ 2-71) ان‎ 
4 L Rio 
In| — |R 
io 
Roi 
Roi i Rio" 
Fw = نبد‎ T| -Rio ~ 
Rio 
2-1 — 
Roi 
2 2 1-m 
5.2-cm) —(3.75:cm) | x 
Hence N 1-m $ r mm ) | 1٢ 
Fy = 2.5:— x T x |-| 3.75-cm x - 
2 100-cm 3.75 
m 2-In}| —— 
5.2 
Fy = 7 
This is the force on the r-negative surface of the fluid; on the outer pipe itself we also have F = 0.00454N 
2 
Po E du, (r) d à r 2 oil max AP iT 
= —— = ..--- U . = | == = سا == یت د‎ 
IX H dr Hoil dr max ii R 2 2.L 
ii 


1 2 
so on the pipe surface Fg] = Tr A =- 2-7 R;¡L=-Appjy T Rii 


2L 


This should not be a surprise: the pressure drop just balances the friction! 
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N 1-m z 
= -8:—xTx اا‎ ) Foil = —0.0299N 
2 1 1 


Hence E 
oil 00-cm 
m 
This is the force on the r-positive surface of the fluid; on the pipe it is equal and opposite Foi] = 0.0299N 
The total force is F = Fy + Foil F = 0.0345N 


Note we didn't need the viscosities because all quantities depend on the Ap's! 
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Problem 9 [3] 


2.49 Repeat Problem 2.48 assuming a counterflow arrangement, 
where the oil flows in the +2 direction and the water flows in the 
—z direction. r 


SAE10W-30 oil at 100°C flows through the 7.5-cm-outer- ES 

diameter inside pipe. Water at 10°C flows through the annulus => 

between the inside pipe and the 11-cm-outer-diameter outside ہے‎ 

pipe. The wall thickness of each pipe is 3 mm. The theoretical LU LULL LL 
velocity profiles for laminar flow through a pipe and annulus are: Sze 


Inner pipe: — uz(r) = Umax ۱ = ( E ) | 
Ri, inside 


Rem. 
تي‎ 


==. 
R. ¿AP Me Ml ZAG APO روس‎ 

where: Umax = — ack == 

m EEG 

1 (AP = 

Annulus u(r) = Ju (=) MM MEME HE. LM D AUU 
1 
0.85 cm | 
RÀ inside — FÈ cums r 
x R? T r __ o, inside i, outside 8 al ) 
> Ri, outside Ri, outside 
In Ro ica NOTE: Figure is wrong - length is 0.85 m 
0, inside 


Show that the no-slip condition is satisfied by these expressions. 
The pressure drop across the given length is 2.5 Pa and 8 Pa for 
the water and oil flows, respectively. If both flows are in the same 
direction (along the +z axis), what is the net viscous force acting 
on the inner pipe? 


Given: Data on counterflow heat exchanger 
Find: Whether no-slip is satisfied; net viscous force on inner pipe 
Solution: 
The analysis for Problem 2.48 is repeated, except the oil flows in reverse, so the pressure drop is -2.5 Pa not 2.5 Pa. 
2 
a Ri ‘Ap 
For the oil, the velocity profile is u(r) = Umax 17| — where üna- s 
ii TEM 
2 
- Ri 
Check the no-slip condition. When r= Rj u,(Rii) = tase | 1-١ اس‎ (50 
ii 
2 2 
1 A Roj - Ri 
For the water, the velocity profile is uz (1) = SAR, Rio - r -> 2 W 
4u L Rio Rio 
In, — 
Roi 
2 2 
LA 8. R; R; 
Check the no-slip condition. When r= Roj uz(Rai) 2c 4E. Rs = R^ پل او حا په‎ 
io io 
In} — 
Roi 
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2 2 
1A Ry -R R 
When r= Rj uz(Rio) a une Rees mc a S a || PER 
4u L Rio io 
In} — 
Roi 
The no-slip condition holds on all three surfaces. 
The gi data i 0ه 0ه‎ 11-cm 
egivendatais Rj = 5 -3mm Rj; = 3.45-cm Rj, = : Rig = 3.75:cm Roj = -3mm Rj = 5.2cm 
Ap, = -2.5:Pa Apgi] = 8-Pa L = 0.85-m 
: : Mi: -3 N's 
The viscosity of water at 10°C is (Fig. A.2) My = 1.25 x 10 RED: 
m 
A ¿ : io: -2Ns 
The viscosity of SAE 10-30 oil at 1009C is (Fig. A.2) Hoi] 0 ٢٢5 
m 
ne du 
For each, shear stress is given by Try = ES 
r 
d A E : 
For water Ty =p 0 Hw E : EM A p Toi — Rio In| — 
ix = W = uw | Rio == بت‎ 
dr dr | 4p, L Rio io 
In| — 
Roi 
2 2 
(d APw 7 Roi - Rio 
IX c qox a 
4 L Rio 
In} — |r 
oi 
2 2 
ET 1 APw Boi - Rio 
so on the pipe surface Ey = TxA = a as -2-Rig- E c E 2-1 لن‎ 
In |.R 
io 
Roi 
2 2 
2 Roi ٥ 
Fy = APw TT ولد‎ R 
io 
(n 
Roi 
2 2 1m g 
2 [(5.2-cm) — (3.75-cm) | x 
Hence N 1-m 100-cm 
Fy = 22.5: x T x | =| (3.75-cm) x ڪڪ‎ eee 
2 100-cm 3.75 
m 2.1n| —— 
5.2 
Fy = —0.00454N 


This is the force on the r-negative surface of the fluid; on the outer pipe itself we also have Fy = —0.00454N 


du,(r) d r k 2: Boi] max T Apoirr 


For oil T. سر‎ 
a ې رد‎ 2 2.7 


1 2 
so on the pipe surface Fg] = Tr A =- 2-7 R;¡L=-Appjy T Rii 


2L 


This should not be a surprise: the pressure drop just balances the friction! 
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N 1-m z 
= -8:—xTx اا‎ ) Foil = —0.0299N 
2 1 1 


Hence E 
oil 00-cm 
m 
This is the force on the r-positive surface of the fluid; on the pipe it is equal and opposite Foi] = 0.0299N 
The total force is F = Fy + Foil F = 0.0254N 


Note we didn't need the viscosities because all quantities depend on the Ap's! 
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Problem 0 


2.50 Fluids of viscosities jjj = 0.1 Nes/m? and [ = 0.15 N+ s/m? 
are contained between two plates (each plate کا‎ 1 m? in area). The 
thicknesses are hy = 0.5 mm and ha = 0.3 mm, respectively. Find 
the force F to make the upper plate move at a speed of 1 m/s. What 
is the fluid velocity at the interface between the two fluids? 


Given: Flow between two plates 
Find: Force to move upper plate; Interface velocity 


Solution: 


The shear stress is the same throughout (the velocity gradients are linear, and the stresses in the fluid at the interface 


1000. 
go ل٢‎ 
1-m 


must be equal and opposite). 


du, du» 

Hence T = W: — = کر‎ or : 

H1 dy Ma dy H1 

; ; : ۷ 
Solving for the interface velocity V; ۷ = ——— = 
+ —-— 
uj h 0.15 0.5 
Vi f 
Then the force required is F = 7-A = A = 0173 x 0.714. x 
1 S 
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Problem 2.51 


Gwen, Concentric candar )عل قم یي‎ ۵ E D T 


Ra US wr S A= 0.0% mn, Ma Sonn 


Tnnc coladas ces ob Lo = LOO TER, ٢ 
: Nesq pa : Ta Q.ORN Mn 
Tina > ام ملا‎ of Migas O سح عمعل‎ ENS 1 


Be Imposed. Xerqe má dora Ne vending Norge of Re sheos .)حا‎ ; 
Ke S eos ec: Ss ge a, ea ta aate: Wx 2x V 
Fer a Weulenen “und “= حر‎ = 


: ; لا‎ 
سک‎ Ne vety ماک‎ v osturned صا‎ lm Wear < a a 


> 


verse N As Ne شه‎ sas, ee UA cdas : لا‎ Riu 
Mus, TENE ا‎ ۰ 
= = <= : = xX دا‎ 
v ix د‎ & AS : x 
and Be دنا‎ pa nu QF = ٩ pr, OS 
Soma ¡E r i 


Vid ME-N—IM ۳ y SR, \ A. x ٩ \ 


سلتا eo‏ ` شم (Se‏ چپخ * Tern‏ چيا 
VOD Tel‏ ` اس ae RY‏ 
3 د 
{ 
(eos) mm‏ ے 6:5 ,6 م٢‏ * 
RE rok. ۸٢ m3,‏ 


J= LODOS شساوم‎ 


http://librosysolucionarios.net 


0 SHEETS 5 SQUARE 
Q SHEETS 5 SQUARE 
O SHEETS 5 SQUARE 


۳ 
A 
NATIONAL 


Problem 2.52 ` [2] 


Graven : PR Y cdas AE 
R= BO in &-o.cov Wea Lan. 


— 


Annes Kinder ces ت‎ Moo con 
Gee (Ned. LA coño دن‎ al ASE. 


Dore vec Norque سم‎ ed No xvoNoNe e 
Annex ده‎ 


SASon: 
Te Teq pared Norque musk Veloso Me. ورن د‎ Norge eC See Seas fota 
: m 


Ta bear Lore $ ul پا‎ Tena ukes A= اوه‎ 


Tor o gai EE Qosa “= js n 
: 4 

For geo See Ames grote يې ځا‎ Pos E 
Were N= پو دک‎ wea of sser انز‎ = Rus 


ند 


Fata = سار‎ LYR = 2x pe oly 
a à 


. a 
anA e سو‎ TT = QV = x pr wr 
A 
Fron Mig Ar fer وس‎ EN ۷ acc (32%) $ جير‎ * Go es evs lee 
Sin BA es Querol ولو‎ 


ES 
3 E - 2 a. 
Te SX AX wih = Ardo WS ro دا‎ 2v ES e: A TN 
۵ METRO : 


we (KW يی‎ l VN MEA 
Kee vod ېږ‎ " 3 
E EOS وه‎ 
Ten eas سا‎ e 


\orgu | 


WA iS‏ پ 


- 
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ee 


Problem 2.53 


Given! Concentric Cylinder VisCo meter, لے‎ ١۰۵ by falling mass. 


M= 0.10 Kg r=t8 mm o [^^ رر‎ 
R= 5۵ mm A * 0.26 mm a 
= 80 mm Vs = 30 mmf a 
After starting Transient, Va, Const E “| 
2 
Pind: (A) An alge braic express ton for E 


Vistos ¿ty oF The Neid, JA terms 
of Mg, Vin, NR a, and H. 


(b) Evaluate USAG te data. given, 


Solution: Apply Newtons lam of viscosity. 


Basic Cua. ho کم‎ E Lu T E 2M =o T = TAR 


Assumphons ! (1) T ligued 
(2) Narrow gap, 5o linear veloc ita profile 
(8) Steady angular Speed 


Summing prques on the rotor 
=0(3) 
ZM = Mar -TAK = IÅ =0 ; A= 2۴١۱ 


Because a <R, treat tne gap as plane. Then 7 TS 
U- پا‎ U= Vin که‎ 


HIS da MR 
Top le و‎ PE T rS 
Substituting, 


pre 


Ma r -AVIÉ grey R = Mar — 2 Um RH =0 
ar 

=O at A Cas 

Je eT Vir, AH 


Evaluating trr the Given data 


ar 
مهم‎ 
u= zerb lo kG, 9,81 Er KOOK T DOEN 9. 
0.030 /m 
/ a " N ۍ‎ 
*D.OS0J m3 * 0.030 m kg en 
At 


٨٢ = 0.04651 MAS / m* (s. efus) 


M—————————————————————————‏ ها 
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42.989 200 SHEETS 5 SQUARE 


Dw 


| 


MATIONAL 


" 
pw d 
A 


Problem 2.54 [2] 


Given: Shaft turning inside stationary journal as shousn, A= 20 rps. 
3 Torque, T = 0,0036 N:m 
Find: Estimate Viscosity of oil. 
Solution: Basic equahan Tox oe É 
Assumphons : (1) Newtonian Flicid d 
Un Au 
- 4 (2) Gap ıs narrow, 5o ve locii; profile 15 mear, Fw E 
3 Then y U = w e = wD 
7 7 sa 
ae £=0.2 mm 
588 Shear stress s 
: Tux ss A = 419 => LD 
i Ag t zt 
: Neglecting end effects, torque ^$ 
3 
Ta FRE * Ton AR = Tox GroLj2 2zumeot 
2 په‎ 
Solving for VIS COS I fey 
ee 8 HET 
سس له مهم ایم‎ 
, Feo DIL 
ES 4 x 0.2 mm, 0.003 N ‘mn So / l x ev (ood mm? 
7 Drev (78) 5mm? AGB mm 2T rad m 
سر‎ = 0.0208 Nos | m? E p 
1 From Fig A.l, thes oil appears somewhat less vistous than ane wah 
` Assuming the oil Is at room temperature. 
Pis ‘ 
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Problem 2.55 [4] 


2.55 The viscometer of Problem 2.53 is being used to verify that 
the viscosity of a particular fluid is u = 0.1 Ne s/m?. Unfortunately 
the cord snaps during the experiment. How long will it take the cy- 
linder to lose 99% of its speed? The moment of inertia of the cylin- 
der/pulley system is 0.0273 kg + m^. 


Given: Data on the viscometer 
Find: Time for viscometer to lose 99% of speed 
Solution: 
; : 2 N-s 
The given data is R = 50-mm H = 80-mm a = 0.20-mm I = 0.0273-kg-m u= 0,17 
m 
The equation of motion for the slowing viscometer is Lo = Torque = —T-A-R 
where a is the angular acceleration and t is the viscous stress, and A is the surface area of the viscometer 
The stress is given by T= T = مش 8 ۷ لي‎ _ pr 
dy a a a 
where V and o are the instantaneous linear and angular velocities. 
dw Rw RA 
Hence La = چا‎ = -E -AR = E "Ww 
dt a a 
dw ROA 
Separating variables eee -dt 
Ww aI 
Integrating and using IC o = مه‎ w(t) = we ai 
بي‎ 4 
The time to slow down by 99% is obtained from solving 0.01-wg = wore dd so t=- 2 -In(0.01) 
WR ‘A 
al 
Note that A=2TRH so t = —— — — ——.]n(0.01) 
2C p RH 
0.0002-m-0.0273-k: TS T 1 1 Nes” 
t= O 001) t = 4.00s 
2m 0.1-N-s (0.05-m) 0.08-m kg-m 
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Problem 2.56 M 


Guess Wan odes cod dar ( moss Ma y هغه‎ So. NOS wA La 
دک ور خم‎ AS HR i mM ھک‎ fora, 
NN 


bn ور‎ Oso». SM 
Rolrcnesy ` Vans سه‎ NATAS SC چا‎ QQ. DOSES Ae, 
asr aan ora s cC NS yd. S AL SNS 
پو‎ need 

EOL 9 a Ss e TELS a NE i 


NS i oe دد دز‎ 


(CN RAQTE SSD LL Deron 


Mesuret WM euo oss Sus 


A 
ZT 2۳٢ ح‎ YA | 
A Neo ~ کم‎ e —— 


AUR 
I دحرس‎ HZ 


Darha aces Ne که‎ i ییا ,+ وټ‎ a د رک کو‎ Re cora Xx Fe 


NA” AN aK‏ = نا 


e So Se ېشت‎ Xe AN E 
1 max - SA Sy = Cry کد‎ 35 


o 
"S LA de =‘ eer q ¡CNN = 
Mio & er. = sa 


Ir 


c ٢ 


T = (a$ N 5 T CRAN‏ = 11 = ون 


N y ۷٧ R 
يو‎ s دلو‎ A ٢ à. E ¿E 
د - مرګ‎ Sas مه‎ 


Nour دا‎ OU a جل‎ 


08 aa 
P? vehto pe 


SAS !وم‎ . 


l du 
و‎ eq polrons y Es Je یک‎ i 


اند و Sé‏ 


O جه‎ 
< à T= ٧ PES پو‎ 


Ano 
Fer 8 eed SWe= WW = T= Ros E ٢ 
(O For Re هم۳‎ 2 Ya" ar Ye e ACR = NE ax SR 
V " 


Tr AA ` bts Y e U پو‎ «e = سلا‎ 


EETS 5 SQUARE 
EETS 5 SQUARE 
EETS 5 SQUARE 


Problem 2.57 [4] Part 1/2 


Given! Circular Qlumaum Shaft ja journal. 
Symmetric clearance gap 
tilled tuith SAE 10-30 at 30%. 


Shatt timed by mass and Cord. 


Find: la) Develop and solve a afferebat : 
equation for angular له ههک‎ as a function oF time. 
(b) Calculate maximum angular sott. 
(t) Esthhmate time nttdtd ta reach 9S percent of maximum Speed, 


Basic equations: ET = I dw AF = m 8V V = Kid 
; * de Soy M 
For the mass. t Ry, “mgt mU = mR سه‎ 0) 
Y Vv ma 


For the Shaft: ET = ER- 77 =I de (2) 
e 
t 


Assume; (1) Newtonian !۱ id, (2) smat gap, (3) Linear prof fe 


Mult pling Eq. 1 by Rand demere with E7.3 gives 
> idi _ ESL. اا‎ -z 3, ضلك ١م ي‎ 
ma R mi Te men lo I or maf Tak tu (Tm JE 
This Marcy be to ri Hen A-BUS "cde where Aa »وم‎ 6 = TALS اوه‎ 


St, hag vor we les .deo | dt 
و تبه‎ 1 rey سي لیو‎ 


Wes 


Integrating 7 dus 
“Bu 


- - n4 au] د‎ ¿Ale E 9) a 


Simply 1- ي٢‎ or w= اس و ار‎ 


The maximum angular sped (420) 4 w= 4/8. 


ma R = 0.010 kay 9.81 & x 0.015 m ee x 2.435 x07? Nim 


Nz = 
> ee Ree PvE T, = 4330 Manis 


Solution: Apply summa hon ot Porgues and Newtons second laus. 


Then Eq. Z becomes tk = epe Eu, = Ide ¿me B) 


Problem 2.57 [4] Part 2/2 


Evalua T. aA, 295٣۸٣ 5۸۸/۸ الم 2143 للب‎ 
En 09, سا‎ max B "9.22 x 10 Y A m-«sec 
m Ines 2.68 Ad همر‎ , 60-5 
m i 1 rad سے‎ m S.i LJ 
U max ™ ie E rd" mp rpm mas 
From Eq. S, w= 0.98 Wmax when € E = 005, or Bek s Sj څک‎ 
C= I+ mk = smarter mR =(¿miem)K* 
M=WRYISL+L Ye STAL SS fur 
2 M = 2.5 7۳ (o rs im, D. DS CS = 0.b48 kg 
gee m ui 
ae C «(4x 2.68 kg م‎ 0٥ k9Mb.ors im? = 2.09 x 107% "ميا‎ 


4. 
^ 
NATIONAL 


z 2 
a Sx 2.09 0 يا‎ mts A یره‎ x Mis - = 0.67) s tas 
as "9, 23x:07 Nims . KB m d 


The terminal speed could ha been Computed from &.* by 
sett ng did ك/‎ >0, Lui thout So lung Thé diferentas Lg uatron . 


A, 
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R=10 mm (0, > 9,000 rpm 


w, = 10,000 rpm (outer cylinder) 


Gap clearance‏ = ة 


Problem 2.58 


2.58 A shock-free coupling for a low-power mechanical drive is 
to be made from a pair of concentric cylinders. The annular space 
between the cylinders is to be filled with oil. The drive must trans- 
mit power, P = 10 W. Other dimensions and properties are as 
shown. Neglect any bearing friction and end effects. Assume the 
minimum practical gap clearance 6 for the device is 6 = 0.25 
mm. Dow manufactures silicone fluids with viscosities as high as 
10° centipoise. Determine the viscosity that should be specified to 
satisfy the requirement for this device. 


Given:  Shock-free coupling assembly 
Find: Required viscosity 


Solution: 
du 


Basic equation Trig = I — Shear force F=T-A Torque T = F-R Power P=T-w 


du AV ] Iu - wy (R + (| 


ME = — = . 
ro دد‎ dr M Ar n 8 
(1 = wy)-R 
Tig =H ٩ Because 6 << R 
) 20 RLR w 


(.01-m)° 0.02m sW 2606 min 


which corresponds to SAE 30 oil at 30°C. 


ucionarios.net 


10-W x 2.5 x 10 ^m 1 min 1 min 1 1 N-m rev a 60-s 3 
متا‎ X .— x — x x x x| — 
1000 rev 


dr 


Assumptions: Newtonian fluid, linear velocity profile 


nc — 
Then P = Tw = FR:w) = T:A7'R:w) = 5 
3 
2-m نه )نا‎ = wy)-R -L 
1 5 
2m oy (w - 67 )yR -L 
ne 2.7 9000 rev 
N. 
u= 0.202.—7 IL = 2.02 poise 


m 
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Problem 2.59 [4] 


Given: Fare Mel-ohsk apparatus as د‎ 


Find: (a) Algebraic xp ression 
for shear stress ar 
any radial location. | 


(b) Expression frr tht 71 
Torque Medea to tcn i 


the upper disk. اا‎ 


4 1 r | | 

Solution: Use 1,6, 3 Coordinates at right: زی‎ um 

l A die le 0 | 
jd 


Basic 69-7175: TL 30 ووه‎ 


oe Assumphons: (1) Newtonian fluted 
, (2) No slip Cond ¿hon 
de B) Linear velocity prof: he bn narrmu gap) 
| The velocity at any radia}! locaton an the rotating desk کا‎ Vg = er, 


Since the Velocity profile is linear, thea 


Paca IN Cu e lwr -0) AD 2 
3 a VA, UA ER » 39 
AE PEER 
and | 
| dT = r Tye dA = f^ At GE 2rrdr = CUL غو‎ 
| Late grating 
i 3 r4 
| FS ar JE ALE UN im وس‎ 
| os ho 
| T= مسر‎ n 
Zh 


We da aveo. Ceo Né oa ‘ee uad No AES Re SS 
SK هه‎ ~ Wer RN sod CU PNE TN اپ یا‎ apered TE Amas 
VS MA os E oA. چک‎ ae ېې نې‎ A e EMMA C e 


OMM aide Ne pus My خد که‎ das 
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[41 


de T = Sample 


o 
= Kor 


Problem 2.60 


ERES: exe wscuMNeE mon. | 
Rees e CONE sot Xouches De Ae, 


© % Serg xno : [Eso 
VASA ېی‎ Dere OR enpression Car Ae drear EER j 
LS S o —5 


che اخ‎ Be Na usd. SA fs Re 
D Tuaine WS ve an Re MESA, 
Cone ww ALIS e eor S xess 


Gre. Sgen MR cx e en : 


SAS Na 


We average AR ward «6‏ اود Sw Sera‏ همه Ae‏ یجو 


Aso wes کلک‎ 


Ys E یا‎ assuse a ness کې پک ‌صل د‎ 
across Re AH aná No د دا ود‎ ema eXXecNss 


Mer dregs (AGRA) che Ss 
وو‎ IN si E T È 


x = په‎ Sa څه‎ "٢ 
We BAY PASS, 


Ke casi We wt S959 
Se See wrdQ پا‎ v Nen o 
E ut SN 200209 
سا‎ Nee Sane 
Smee © کا"‎ Sesa, کیټ‎ Mor 9x & and 
۰ o5 N 
x= r3 


50 SHEETS 5 SQUARE 
100 SHEETS 5 SQUARE 
00 SHEETS 5 SQUARE 


-38 
-382 
-389 2 
Wud. 


Nae. We aneor coke کا‎ v Ns eas das V. SE <. e tice 
Sange کا‎ subgies No Qe some Shes ۰ 


we Xorg pa ے‎ We deen cone کا‎ aun ‘oy 
<= (car dere OF = Su dh 


Se XS ses Se conos (Lor a eysen tos Sen Tae contort 


and 
a 


(v= ES a «Us Zev oo‏ يپ 


= aN 
سر هد‎ > 
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Problem 2.61 [4] 


2.61 The viscometer of Problem 2.60 is used to measure the ap- | 
parent viscosity of a fluid. The data below are obtained. What kind 
of non-Newtonian fluid is this? Find the values of k and n used in 
Eqs. 2.16 and 2.17 in defining the apparent viscosity of a fluid. (As- 


sume 015 0.5 degrees.) Predict the viscosity at 90 and 100 rpm. | R 
Speed (rpm) 10 20 30 40 50 60 70 80 | 19 
uN. s/m?) 0.121 0.139 0.153 0.159 0.172 0.172 0.183 0.185 r 
Sample - 
Given: Data on the viscometer 
Find: The values of coefficients k and 7; determine the kind of non-Newtonial fluid it is; estimate viscosity at 90 and 100 rpm 
Solution: 
The velocity gradient at any radius r is کے سا‎ 
dy  rtan(8) 
pup . 2-r-N 
where w (rad/s) is the angular velocity = "m where N is the speed in rpm 
: du سا‎ 
For small 8, tan(6) can be replace with Û, so rs = rj 
n-1 
From Eq 2.11. zin S im 
dy dy dy 
di n-1 ü n-1 
where » is the apparent viscosity. Hence q= «(s = «(3) 


The data is 


[49 | 0159 | 
[ 6» | 972 | 
[ 80 | 0185 ] 
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The computed data is 


From the Trendline analysis 


nt 


The apparent viscosities at 90 and 100 rpm can now be computed 


IN (rpm) | o (rad/s) | 0/0 (11s) [n (N-s/m*x10") 


Viscosity vs Shear Rate 
1000 ا‎ = 
مي‎ p MX Data : 
3 AA MEN à 
E Lo Power Trendline 1 
OG 
z 100 - 
= n = 44.94(0/0)22%= 
R= 0.9925 - 
ip | | 
100 1000 
Shear Rate 0/0 (1/s) 
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[3] 


| Sample ~ 


Shear Stress vs Shear Strain 


x Data 


—— Power Trendline 


1000 


x = 0.0162(du/dy)””"™* 
R = 0.9902 


du/dy )1/5( 


Blood is pseudoplastic (shear thinning) 
k(du/dy )"* 


= 0.001 N-s/m' at 20°C 


o بس‎ 
E 


10 4 


0.1 4 


0.01 - 


Hu water 


Problem 2.62 (In Excel) 


2.62 A viscometer is used to measure the viscosity of a patient's 
blood. The deformation rate (shear rate)-shear stress data is 
shown below. Plot the apparent viscosity versus deformation rate. 
Find the value of k and n in Eq. 2.17, and from this examine the 
aphorism “Blood is thicker than water.” 


dudy(s") 5 10 25 50 100 200 300 400 
t(Pa) 0.0457 0.119 0241 0.375 0.634 106 146 8 


Given: Viscometer data 

Find: Value of k and n in Eq. 2.17 
Solution: 

The data is 


1 (Pa) 


k = 0.0162 
n = 0.7934 


Hence we have 


We can compute the apparent viscosity from 


ZAG AGE 


0.0101 Hence, blood is "thicker" than water! 
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Problem 2.63 (In Excel) [4] 


2.63 An insulation company is examining a new material for ex- 
truding into cavities. The experimental data is given below for the 
speed U of the upper plate, which is separated from a fixed lower 
plate by a 1-mm-thick sample of the material, when a given shear 
stress is applied. Determine the type of material. If a replacement 
material with a minimum yield stress of 250 Pa is needed, what 
viscosity will the material need to have the same behavior as the 
current material at a shear stress of 450 Pa? 


t(Pa) 50 100 150 163 171 170 202 246 349 444 
U(ms) 0 0 0 0.005 0.01 0.025 0.05 0.1 02 03 


Given: Data on insulation material 
Find: Type of material; replacement material 
Solution: 


The velocity gradient is 


du/dy = U/ó where ô = 0.001 m 


Data and U (mis) du/dy (s^) 
computations 0.000 0 
100 0.000 0 
0.000 0 
163 0.005 5 
0.01 0 
170 0.03 25 
0.05 50 
01 100 
02 200 
444 0.3 300 
Hence we have a Bingham plastic, with Ty = 154 Pa 
حم‎ 0.963 N-s/m* 
At 7 = 450 Pa, based on the linear fit du/dy = 307 s! 
For a fluid with Ty = 250 Pa 


we can use the Bingham plastic formula to solve for yy, given 7, 7, and du/dy from above 


Hp = 0.652 N-s/m? 


Shear Stress vs Shear Strain 


1 (Pa) 


Linear data fit: 


200 t = 0.9632(du/dy ) + 154.34 
0 R° = 0.9977 
100 X 
50 X 
0 T T T T T T 1 
0 50 100 150 200 250 300 350 


du/dy )1/5( 
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Problem 2.64 Bjs 


Given: Vistos Clutch made from parc of Closely spaces disks. 
Input speed, Wi 


butput Speed, L3, 


Viscous Dil 1A gap, Je 
Find algebraic expressions in terms of, Rawi, and uo tre! 
(a) Torque transmitted, T 
(B) Power transm fed . 
lay Ship rato, & = Au) | eX , in terms of T 
(d) Efbiciéney , 7), in terms of A, Wi, and T 


Basic equa ons i T ud dF = TdA dT =rdF 


Aassumphons: (1) Newtonian liquid, 1 
(2) Narrow gap so velocity profile is lineas 


lonsider a segment of plates: zi f ده‎ Y LE. PL; 
bu rw ~w) ~A <r leas 
T 7 Te AE Ay يي دو رهس‎ art LA r o 
o . 
dA = ۳4۳ ۵ل‎ End View Bo thom View 


É = r?drá > 
dF = TdA SL ود‎ paras تو‎ redrde ; ۴م‎ m 


o 0 a ر‎ ۵ a A “za 
Y ' 
E + Thy = وماع‎ Du E (power transmitted) 
n= AW ے‎ Zal 


De TAKE" we 

raat . Power ot Tido ido But Ley الا«‎ ~ AWW, So 
E کا‎ z ———————— See کے‎ — € 6 2 
Efhuency رو‎ ua Ta m 


wW -w , | sw 
9" Cu C5 o 
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= lx 


Solution: Apply Neustens law of yiseasi ty 


ETS 5 SQUARE 
SHEETS 5 SQUARE 
SHEETS 5 SQUARE 


wus 
x 


Problem 2.65 


Gwen. می کی حا‎ -onmdet só yon 
Lire NANO Anda’ نمی‎ e ^ud 
uoc NS LAS sd = 
پد‎ T" که‎ NS SS riga os ET 
cA 3 i LAS < ond c^ عا‎ l 


Fee, an سرد‎ Lor عا ک6‎ ye da سل‎ 
N کي ته‎ or SAECO, O 
ar dua. p ode uice چا‎ v 
(Ad For ماما‎ £& c.i SS elo کلف‎ que < 
MON t£. 
«da usos ose SERE, 3 
يې‎ UAA OTEN EANA Sr ORN حم ټل‎ 


SALON: Rose ea den K يپ‎ = T 


| 


i 


TASA 


JL. 


WS Ned Us GN INR. Mesa ere GA We Suo کسه‎ 


(O9 an ONO Qe 


Aw bu S vox. 
A= kc = = — a 
T I= uk V= لر‎ ds e ii 00 کد سو ول‎ - 
= wx NEA UNS 


ASN ERA uo: FS a 
= > رر ر ر ز ون‎ 


Taê Ce e a Crp 8 2 


"Nos = EEE n > AS d Al Y "|د‎ p ee 


om \ 
IS Sse ېلم اسم‎ Sous ES 


SON 
Tet نن‎ Mp ي‎ = "T 
aa E = vx s von TON Ae 
ok 4 ` ۷ o 
SA 7 MOS " = " 
= o 
ov = TOU =e 
CdS Tue n Dios Ra or SS Ms 
چ‎ dens oa iu : MN 
GRO XS Ow o$ ٨٨ $ . 
For دي‎ iws vx Sla =` "2. ape پا‎ Sawn EN 


Q Vor o ayer Wau o£ ala J Se dos ere EN عا هش‎ 
1 ممه ات‎ ۸ “Koo نه کس‎ Winer 
¿Da Ines 


* ABS ST 


38 50 SHEETS 5 SQUARE 
382 100 SHEETS $ SQUARE 
-389 200 SHEETS 5 SQUARE 


[4] 


Pp w=75 rev/s 


Section AA 


3 3 
2-4 WW Z 
_ ATW Z tan(0) dz 
a:cos(0) 


dT 


T = 0.0643. N.m 


Problem 2.66 


a = 0.2 mm 


X 


Infinitesimal shear torque 


r = ztan(0) 


(wr — 0) _ p-w-zZ-tan(0) 


2.66 A conical pointed shaft turns in a conical bearing. The gap 
between shaft and bearing is filled with heavy oil having the vis- 
cosity of SAE 30 at 30 C. Obtain an algebraic expression for the 


shear stress that acts on the surface of the conical shaft. Calculate 


the viscous torque that acts on the shaft. 


Given: Conical bearing geometry 
Find: Expression for shear stress; Viscous torque on shaft 
Solution: 
' : du 
Basic equation T= چو‎ dT = ۸ 
dy 
Assumptions: Newtonian fluid, linear velocity profile (in narrow clearance gap), no slip condition 
r 
tan(0) = — so 
7 
Then T7 = ji = ادن‎ - 
dy Ay (a — 0) a 


As we move up the device, shear stress increases linearly (because rate of shear strain does) 


dA = 2-70 r.ds = 20r = 
cos(0) 
-w-z-tan(O 
dT = ٢-۸ = y PEA) o ae عم‎ 
a cos(0) 
T- m-pu-tan(0) H^ 
2-a-cos(@) 
from Fig. A.2 
1 1 2406 
x سښسلسست‎ X 
02x 10 د‎ cos(30-deg) rev 
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But from the sketch dz = ds:cos(0) 
The viscous torque on the element of area is 


Integrating and using limits z = H and z = 0 


Using given data, and 


N. 
T= z x 025 x 75.Ê x tan(30-deg)" x (0.025-m) x 
S 


m 


[9h 


Problem 2.67 


Græn! Concentric dy hader Visca meter, liguid similar to watr 
Goal is to obtain El percent acuUuraLy in viscosity value. 


Spetity ` Configurahon and dimenseas ty achieve 1% measurement, 


Faramettr to be 5م‎ ۵۵ to compute vistas ity. 


Solution: Apply definite of Neotonias? Fluid 


Assumphens: (1) Steady | 7 
(2) Newtonian liquid 


(3 Narrow gap, so “unroll “it 
(4 Linear Velocity profile 1 gap 
(5) Neglect end effects 


Computing equañon "E veda 1 


KA 
Flow model: y 
a 


VÍ wR ¡du . ue 
چیه‎ Un! dg V 


Thus T ره‎ su BE And Forge on ohr is T= ETA, where A + 277 ې(‎ 


06-4٣9۱ ٣/٢ T> Rye 2mRH = oT دام‎ RH or 
- _ 7a 
رر‎ 27 to EF Ht 


From this eque. hon the uncertainty / A A (see Appendix F), 
A 
بدا‎ = tude وه‎ eis + (345 y t Un |? = Ł[ ٢ ea + 3. سا اط‎ 


٠٣۴ te ue 2۸٨ of each parameter equals ll. Tous 


Typical dimensions hr a benth -top unit mght be 
H= £60 mm, R = "IS mm, a= 0,02 mm, And w= 10.5 rad ls Goo rem) 
From Appendix A, Table AS, water has pus 160x100 2 Nos [m> af 7 
the corresponding -7 مهد‎ wok be 
qa Zn. 1, 0x10 Mk x los, (0,0 nî, OL, TA m= 0,278 ۸ 
It should be possible To measu/t this torque quite .لمعد‎ 


Many details wouid need do be cons dered (6,4, bearings, temp اه‎ rise, 


etc.) Yo produces a habe device. 
jA م‎ ۱2103603105. 


ONON و‎ 


A 
ES 
ES 


500 SHEETS, FILLE! 
2-381 50 SHEETS EYE-EASI 


ITE 
LED WHITE 5 SQUARE 


100 RECYCLED WHI 


Steers 


Sar 


7 


ج ا 0 


Problem 2.68 
Given: Sphericas thet st bearing Shown: 


Find: Obtain and plot an algebraie 
expre Swan frv tht forque on T^c 
sobercical miti bras a fude tion 
OF K, 

Solution: Apply defiarheas 


Computing equahens: Tende TLrtda 


Assumptions: (1) Musi مه ۱م‎ fu, (2) Na rni Gap, (3) Laminar tou 
From the figure, ^*ÉSn& ^ u-tr -tESing. 

ووو ue‏ غاد دو 0 

dA = 2۳۳۳ م٣ ىل‎ = ETR? sint de 
Thus 


ex : و‎ 
¢ 
d E. Karira داو دل‎ PTERA E = ET B ل‎ sse فل‎ 
۵ E 


: 0 و‎ E* 3 x 4 2 e 
T = -——— CoS _ coso) = وس ره‎ EPS 


D plot, ۸0/۱26 To [7/ tractor] = | که‎ _ Ainsi -£] 
E 


A 
Plo thing : ve 
0.۵ 
Norma lized ê 
rat, 
7 ZAR 0z 
h 
(---) 0 — 


/0 | وس‎ So 70 40 
Spherical Memnbir Angle, x (deg) 


[nens eme atn | | cag z Ft ode یب‎ ٣7 
4 L* € C 
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Problem 2.69 [5] 


2.69 A cross section of a rotating bearing is shown. The spheri- 71 
cal member rotates with angular speed œ, a small distance, a, \ 
above the plane surface. The narrow gap is filled with viscous oil, \ 
having u = 1250 cp. Obtain an algebraic expression for the shear A 
stress acting on the spherical member. Evaluate the maximum 

shear stress that acts on the spherical member for the conditions 
shown. (Is the maximum necessarily located at the maximum ra- 
dius?) Develop an algebraic expression (in the form of an integral) a=0.5 mm 
for the total viscous shear torque that acts on the spherical 
member. Calculate the torque using the dimensions shown. | 


= — Oil in gap 
Ro = 20 mm 


Given: Geometry of rotating bearing 


Find: Expression for shear stress; Maximum shear stress; Expression for total torque; Total torque 
Solution: 
; ; du 
Basic equation T- Den dT =r-T-dA 
y 


Assumptions: Newtonian fluid, narrow clearance gap, laminar motion 


From the figure r= R:sin(0) u = wr = wR:sin(9) — و‎ = 


h = a+ R-(1 - cos(0)) dA 2.7۰07 = 2-7 ۹) 0 


du p-w-R-sin(0) 


Then T= Lb = 
dy a+R-(1-cos(8)) 
Tota set A 0 m Ense) 
deL a-- R-(1— cos(9)) (R +a- R:cos(0)) 
R 75 
R:cos(0) — R +a-cos(0) = 0 0 = acos = acos| ———— 0 = 6.6-deg 
R+a 75 +0.5 
kg 
1 7 1 N: 
T = 12.5-poise x 0.1- uis x js e ud x 0.075-m x sin (6.6-deg) x ————————— x 22 
poise 60 s [0.0005 + 0.075- (1 — cos(6.6-deg))]-m m-kg 
T= 79.2... 
2 
m 
0 
oe v R^ sin(0)^-cos(9) Ro 
The torque is T- r-T-A d0 = EES I ERU qb where Ou, = asin| — Onax = 15.5-deg 
a+R-(1- cos(0)) R 
0 


This integral is best evaluated numerically using Excel, Mathcad, or a good calculator T = 1.02x 10 5 Nm 
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Problem 2.70 
Given: Small gas bubbles form 10 کله ند‎ when opened; 07270177 


Find: Eshmat pressure ad flerence frma mside to outside 
such a bubble. 


Solution: Consider a free- body diagram of half a bubbk: 


Two frrces act! f 
Pressurt : Ep = OP re p. TE 
Surface tension: Ey = FWD / d 


Summing frees for eguiherium 
"mE وار‎ = 
ZH = Fork pi - <TD =0 
so APD_¿g=0 or Abs د‎ 
a eu LE 


Assuming Soda-gas interface کا‎ similar Yo Water aun, tren 
C= 72,8 mN]m, and 


Ap = +, 72.8x10 FN, — = 24x07 M. 2,21 kPa. 
m 0.x 1073m m* 
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500 SHEETS, FILLER, 5 SQUARE 
EYE-EASE? 5 SQUARE 

ASE? 5 SQUARE 

EYE-EASE® 5 Suu HE 

ED WHITE 5 SQUARE 

200 RECYCLED WHITE 5 SQUARE 


2-389 200 SHEETS. 
100 RECYCLI 


50 SHEETS 
100 SHEETS EYE-E, 


را سا 


2 
399 
Made in U.S. A. 


"m 
سا‎ National “Brand 


Problem 1 [2] 


Slowly fill a glass with water to the maximum possible level. Observe the water level 
closely. Explain how it can be higher than the rim of the glass. 


Open-Ended Problem Statement: Slowly fill a glass with water to the maximum 
possible level before it overflows. Observe the water level closely. Explain how it can be 
higher than the rim of the glass. 


Discussion: Surface tension can cause the maximum water level in a glass to be higher 
than the rim of the glass. The same phenomenon causes an isolated drop of water to 
“bead up” on a smooth surface. 

Surface tension between the water/air interface and the glass acts as an invisible 
membrane that allows trapped water to rise above the level of the rim of the glass. The 
mechanism can be envisioned as forces that act in the surface of the liquid above the rim 
of the glass. Thus the water appears to defy gravity by attaining a level higher than the 
rim of the glass. 

To experimentally demonstrate that this phenomenon is the result of surface tension, set 
the liquid level nearly as far above the glass rim as you can get it, using plain water. Add 
a drop of liquid detergent (the detergent contains additives that reduce the surface tension 
of water). Watch as the excess water runs over the side of the glass. 
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Problem 2.72 


2.72 You intend to gently place several steel needles on the free 
surface of the water in a large tank. The needles come in two 
lengths: Some are 5 cm long, and some are 10 cm long. Needles 
of each length are available with diameters of 1 mm, 2.5 mm, and 
5 mm. Make a prediction as to which needles, if any, will float. 


Given: Data on size of various needles 
Find: Which needles, if any, will float 
Solution: 


For a steel needle of length L, diameter D, density pg, to float in water with surface tension o and contact angle 0, the 


vertical force due to surface tension must equal or exceed the weight 


2 
D 8-c-cos(0 
2-L:0-cos(0) > W = m'g = E bé or D< c-cos(0) 
4 TPS 


3 N 
m 


From Table A.4 c = 728x10 ` kg 


0 = 8 and for water p= 1000:—7 
m 


From Table A.1, for steel SG = 7.83 


Hence 8:0-cos(0) 0 
۰8 


Hence D < 1.55 mm. Only the 1 mm needles float (needle length is irrelevant) 


3N ae s kg-m 3 
x 72.8 x 10 — x 4-51! 2 155K 10 om =. TSB 
77.83 m 999kg 98Lm Q2 
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Problem 3 [5] 


Plan an experiment to measure the surface tension of a liquid similar to water. If 
necessary, review the NCFMF video Surface Tension for ideas. Which method would be 
most suitable for use in an undergraduate laboratory? What experimental precision could 
be expected? 


Open-Ended Problem Statement: Plan an experiment to measure the surface tension of 
a liquid similar to water. If necessary, review the NCFMF video Surface Tension for 
ideas. Which method would be most suitable for use in an undergraduate laboratory? 
What experimental precision could be expected? 


Discussion: Two basic kinds of experiment are possible for an undergraduate laboratory: 


1. Using a clear small-diameter tube, compare the capillary rise of the unknown liquid with that of a 
known liquid (compare with water, because it is similar to the unknown liquid). 


This method would be simple to set up and should give fairly accurate results. A vertical 
traversing optical microscope could be used to increase the precision of measuring the liquid 
height in each tube. 


A drawback to this method is that the specific gravity and co ntact angle of the two liquids must be 
the same to allow the capillary rises to be compared. 


The capillary rise would be largest and therefore easiest to measure accurately in a tube with the 
smallest practical diameter. Tubes of several diameters could be used if desired. 


2. Dip an object into a pool of test liquid and measure the vertical force required to pull the object 
from the liquid surface. 


The object might be made rectangular (e.g., a sheet of plastic material) or circular (e.g., a metal 
ring). The net force needed to pull the same object from each liquid should be proportional to the 
surface tension of each liquid. 


This method would be simple to set up. However, the force magnitudes to be measured would be 
quite small. 


A drawback to this method is that the contact angles of the two liquids must be the same. 


The first method is probably best for undergraduate laboratory use. A quantitative 
estimate of experimental measurement uncertainty is impossible without knowing details 
of the test setup. It might be reasonable to expect results accurate to within + 10% of the 
true surface tension. 


*Net force is the total vertical force minus the weight of the object. A buoyancy correction would be 
necessary if part of the object were submerged in the test liquid. 
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T rere 
2.£9-x/p? Fa zo ua rm 0.00453, or 0.52 h 


Problem 2.74 
Given: Liar, with bulk moc lies assured CONS tant, 
End: (a) Féercent change 10 density at 100 Atm 


(b) Plot percent Change VS, Ha up To 50,000 psi, 
(Ga) lommment on assienaphon of constant dens they, 


Soluta: By defminon, Ey = HÆ Assume E "Constant. The 
Z 

۵۴ dg 

En‏ ` م 
P-t = e ka 2 =‏ = اسا fo 7o y gives‏ د وم م £ Lara grat r4,‏ 


fo Car Er 7 : 
The relative Chewge ja dens ry 15 


٥۸۸ ee E PL 


if 
From Table At, Gy = 2.04 GEL for water at LO Es, 


For p = lea a (gage), Ap =/00 afr, So 


7 (ara, A اې‎ BES PK 


Es Ap = £2, ووه‎ PEL, 


Ag (eco - x 101,325 هه‎ is ok 
= £X C pit. x /0), Bes x 107 ٧ = "من‎ lle. da 
[S Ee A Iu. pS J (Ae 


Thus ه»‎ ۳ density is nof A rasonable ASer phon for a 
eui Hing jet Operating at 50,000 pst. Constant devas ity El chenge) 
Would be reasonable up Yo Ab = 16,000 کم‎ 


Percent Change 


0 1000 2000 3000 4000 5000 


Pressure (atm) 
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(1) 


(2) 


Problem 2.75 


2.75 The viscous boundary layer velocity profile shown in Fig. 
2.15 can be approximated by a parabolic equation, 


y yy? 
u(y) = a + b(=) + c(=) 
` 0 0 
The boundary condition is u = U (the free stream velocity) at the 


boundary edge 6 (where the viscous friction becomes zero). Find 
the values of a, b, and c. 


in 
Q 


Given: Boundary layer velocity profile in terms of constants a, b and c 
Find: Constants a, b and c 
Solution: 
2 
Basic equation u=a+ اه‎ +e B 


Assumptions: No slip, at outer edge u = U and t = 0 


Aty-0 O=a a=0 
Aty-6 U=a+b+c b+c=U 
Aty=6 me Sh 
dy 
d zo b.c 
0= a+b) eel) morer =2+2£ b+2c=0 
dy 8 82 ò ò 
From 1 and 2 c=-U b = 2۰U 
2 ü 2 
Hence uen a -u| دا || او‎ 
ò 8 U ò 8 
Tr 
2 
A 
u L 
I 0.75 
wn 
ES] 
7 0.5 
ES 
un 
S 0.25r 
BE C 
a 
0 0.25 0.5 0.75 


Dimensionless Velocity 
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(1) 


(2) 


Problem 2.76 


2.76 The viscous boundary layer velocity profile shown in Fig. 
2.15 can be approximated by a cubic equation, 


۷ ۷ 
u(y) = a+b (5) + c(=) 
` 0 0 


3 


The boundary condition is u = U (the free stream velocity) at the 
boundary edge 6 (where the viscous friction becomes zero). Find 
the values of a, b, and c. 


Given: Boundary layer velocity profile in terms of constants a, b and c 
Find: Constants a, b and c 
Solution: 
3 
Basic equation u=a+ (Y) tC B 


Assumptions: No slip, at outer edge u = U and t = 0 


Aty-0 0-3٨ a=0 
Aty=6 U=a+b+c b+c=U 
Aty=6 cog si 

dy 

3 2 
RS EET د‎ + | M AU b+3-c =0 

dy ò ò ò 5 ò ò 
From 1 and 2 c= E b= 3 y 

2 2 

3-U U A u 3 1 
Hence uu E cem ا ا‎ EJ 

2 ۵ 2 (8 U 210 216 

Tr 
2 
20 
u | 
I 0.75 
wn 
D 
= 0.5 
a 
un 
g 0.257 
=e 
a 
0 0.25 0.5 0.75 


Dimensionless Velocity 
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Problem 2.77 


2.77 At what minimum speed (in mph) would an automobile 
have to travel for compressibility effects to be important? Assume 
the local air temperature is 60°F. 


Given: Local temperature 


Find: Minimum speed for compressibility effects 
Solution: 
Basic equation ۷ ٠ and M = 0.3 for compressibility effects 
c=ykR-T For air at STP, k = 1.40 and R = 286.9J/kg.K (53.33 ft.Ibf/Ibm?R). 
Hence V=Mc=Myk-R-T 
1 
2 
ft-lbf 2.2-]bm ft 60-mph 
vagasin Oe aR] O V = 229-mph 


lbr R Ibf-s 88.— 
5 
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Problem 2.78 


2.78 Water flows through a 1-in. ID garden hose at a rate of 
0.075 ft/min. A 5-in.-long, cone-shaped nozzle is attached to the 


hose to accelerate the flow. If the nozzle reduces the flow area by te 
a factor of 4, at what distance from the inlet of the nozzle does the NOTE: Flow rate should be germ 
flow become turbulent? Assume the water temperature is 60°F. 
Given: Geometry of and flow rate through garden hose 
Find: At which point becomes turbulent 
Solution: 
; : ; ; p: V-D ig 
Basic equation For pipe flow (Section 2-6) Re = = 2300 for transition to turbulence 
u 
nD? 
Also flow rate Q is given by Q = — V 
4 
We can combine these equations and eliminate V to obtain an expression for Re in terms of D 
.V.D D 4. 4-Q- 
pes EVD Lp 4:04 AO Loud 
p M wp? TWD 
Hence D = PO. From Appendix A: p = 1.94. Slug (Approximately) 
2300: Tr pu کې‎ 
lbf - 
0.209. > 
w= 1.25x 10 = x ځار نر‎ (Approximately, from u = 2.61 x 10 4 D 
m کلم‎ Fig. A.2) ft 
e 
4 — 075f^ Lmin 194-slu t lbf-s^ ٢ 
Hence D = x ——— x x E x يسا‎ x x D = 0.617-in 
2300-7 min 60-s ft 2.61-10 Ibf-s slug.ft  1-ft 
NOTE: For wrong flow 
D. rate, will be 1/10th of 

The nozzle is tapered: D;, = 1-in D E Dout = 20 L = 5-in this! 


NOTE: For wrong flow 
rate, this does not apply! 
Flow will not become 
turbulent. 


Lturb 7 D - Din 


Linear ratios leads to the distance from Di, at which D = 0.617 in 


D- Din 


L zp.—————— L = 3.83-in 
turb D. turb 
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Problem 9 [3] 


2.79 A supersonic aircraft travels at 2700 km/hr at an altitude of 
27 km. What is the Mach number of the aircraft? At what approxi- 
mate distance measured from the leading edge of the aircraft's 
wing does the boundary layer change from laminar to turbulent? 


Given: Data on supersonic aircraft 


Find: Mach number; Point at which boundary layer becomes turbulent 
Solution: 
Basic equation ۷ = M:c and c=yk:R-T For air at STP, k = 1.40 and R = 286.9J/kg.K (53.33 ft.lbf/lbm°R). 
Hence M= Lá - bi 
C | Kk RT 
At 27 km the temperature is approximately (from Table A.3) T = 223.5-K 
1 
3 2 
MS NIG cu | do. E REA Me Qo M =2.5 
hr 3600-s/\14 2869 Nm kgm 2235K 


For boundary layer transition, from Section 2-6 Retrans = 500000 


P: V-Xtrang H Retrans 


Then Re ا‎ SO x = fc ccce 
trans trans 
1 pv 


We need to find the viscosity and density at this altitude and pressure. The viscosity depends on temperature only, but at 223.5 K = - 50°C, 
it is off scale of Fig. A.3. Instead we need to use formulas as in Appendix A 


kg 


At this altitude the density is (Table A.3) p = 0.02422x 1225 p= 0.0297 
1 m m 
bT? 6 k 
For u u= == where b = 145810 "= S = 110.4-K 
iiS = 
1 msk? 
-5k -5 7۰ 
u = 1.459 x 10 8 u = 1.459 x 105 
m-s 2 
m 
5k 1 m 1 1 hr 56 
Hence Xtrans = 1459 x 107 "E. x 500000 x Eu pu پو‎ Xtrans = 0.327m 
m-s 0.0297 kg 2700 10° m 7 
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Problem 0 [2] 


2.80 What is the Reynolds number of water at 20°C flowing at 
0.25 m/s through a 5-mm-diameter tube? If the pipe is now 
heated, at what mean water temperature will the flow transition to 
turbulence? Assume the velocity of the flow remains constant. 


Given: Data on water tube 


Find: Reynolds number of flow; Temperature at which flow becomes turbulent 
Solution: 
Basic equation For pipe flow (Section 2-6) Re = por - = 
1 Y 
7 m m 1 S 
At 20°C, from Fig. A.3 v = 9x10 ".— and so Re = 025.— x 0.005:mx — —.— Re = 1389 
> i 9x10 m 
: V-D ٣ 
For the heated pipe Re = —— = 2300 for transition to turbulence 
V 
-D 1 m 7 m 
Hence y = — = — x05.— x 0.005:m v = 5.435x 10 — 
2300 2300 5 5 


From Fig. ۸.3, the temperature of water at this viscosity is approximately T = 52.C 
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VERS sð م‎ ۳ 
0 ر1‎ 
: 
= 900-5. 
3 
1 
SG = 09 
N 
په‎ = 8.829 x 10" 
m 
En 
Q = 1.111x 10 
S 
v = 0.0981 £ 
5 
Re = 118 


Problem 2.81 


2.81 SAE 30 oil at 100°C flows through a 12-mm-diameter 
stainless-steel tube. What is the specific gravity and specific 
weight of the oil? If the oil discharged from the tube fills a 
100-mL graduated cylinder in 9 seconds, is the flow laminar or 


turbulent? 

Given: Type of oil, flow rate, and tube geometry 
Find: Whether flow is laminar or turbulent 
Solution: 


Data on SAE 30 oil SG or density is limited in the Appendix. We can Google it or use the following 


2 
At 100°C, from Figs. A.2 and A3 p = 9x10 2 y 21x10 LL 
m 5 
p= 9x10 عة‎ 5 om 
m 1x10 m S.N 
p kg 
Hence SG = Pwater = 1000.— 
Pwater m 
2 
The specific weight is q=pg q= 900-88 x 9.81. x nis 
m 
v D? 4.Q 
For pipe flow (Section 2-6) Q = — V so V = —— 
4 2 
T:D 
-6 3 
10 - 11 
Q = 100:-mL × ځا‎ 
1-mL 9s 
4 5 m 1 1 1000-mm و‎ 
Then V==x1.11x10 ~-—x | —-— x ——— 
7 5 12 mm 1-m 
.V.D 
Hence Re = pa 
1 
2 2 
k 1 N: 
Re = 900-=2 x 0.0981-— x 0.012-mx Leb 
3 5 -3 Ns kgm 
m 9x10 


Flow is laminar 
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Problem 2.82 


2.82 A seaplane is flying at 100 mph through air at 45°F. At 
what distance from the leading edge of the underside of the fuse- 
lage does the boundary layer transition to turbulence? How does 
this boundary layer transition change as the underside of the fuse- 
lage touches the water during landing? Assume the water tempera- 


[2] 
Retrans = 0 
Re 1 P: ۷۰5 1 V-Xtrans EN 1 V: Retrans 
trans ii 7 trans ۷ 
2 
ft 
2 10.8:-— " 
velada c c. v = 8.64x 10 
5 a 5 
pi 
5 
5 ft” 1 60-mph 
Xtrans = 8.64 x 107 ”-—-500000 x ——— x =P Xerans = 0-295-ft 
5 100-mph 88 ft 
5 
2 
ft 
2 10.8 .— ft 
v = 15x10 را‎ S v = 1.62 x 10 4 
5 2 5 
m 
{pe 
5 
4 2 1 60-mph 
Xtrans = 1.62 x 107 %—-500000 x ——— x =P Xtrang = 76 
5 100-mph 88 ft 
5 
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ture is also 45°F. 


Given: Data on seaplane 
Find: Transition point of boundary layer 
Solution: 


For boundary layer transition, from Section 2-6 


Then 


At 45°F = 7.2°C (Fig A.3) 


As the seaplane touches down: 


At 45°F = 7.2°C (Fig A.3) 


[3] 


Speed vs. Altitude 


Altitude z (km) 


Problem 2.83 (In Excel) 


2.83 An airliner is cruising at an altitude of 5.5 km with a speed 
of 700 km/hr. As the airliner increases its altitude, it adjusts its 
speed so that the Mach number remains constant. Provide a sketch 
of speed vs. altitude. What is the speed of the airliner at an altitude 


of 8 km? 

Given: Data on airliner 

Find: Sketch of speed versus altitude (M = const) 
Solution: 


Data on temperature versus height can be obtained from Table A.3 


252 K 


At 5.5 km the temperature is approximate 


The speed of sound is obtained fromc = yk - R -T 


(Table A.6) 


V-M-:c =0.611:-c 


km/hr 


J/kg.K 


m/s 


km/hr 


m/s 


where k=1.4 
R = 286.9 
c = 318 
We also have 
V = 700 
or V = 194 
Hence M = V/c or 
M = 0.611 


To compute V for constant M , we use 


V = 677 


At a height of 8 kir 


NOTE: Realistically, the aiplane will fly to a maximum height of about 10 km! 


750 


700 + 


Speed V (km/hr) 
o 
al 
o 


600 4 


713 
709 
704 
695 
686 
677 
668 
658 
649 
649 
649 
649 
649 
649 
649 
649 
649 
649 
651 
654 
657 
660 
663 
697 
725 
705 
653 
592 
592 
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325 
322 
320 
316 
312 
308 
304 
299 
295 
295 
295 
295 
295 
295 
295 
295 
295 
295 
296 
298 
299 
300 
302 
317 
330 
321 
297 
269 
269 


262 
259 


249 
243 


Problem 2.84 [4] 
How does an airplane wing develop lift? 
Open-Ended Problem Statement: How does an airplane wing develop lift? 


Discussion: The sketch shows the cross-section of a typical airplane wing. The airfoil 
section is rounded at the front, curved across the top, reaches maximum thickness about a 
third of the way back, and then tapers slowly to a fine trailing edge. The bottom of the 
airfoil section is relatively flat. (The discussion below also applies to a symmetric airfoil 
at an angle of incidence that produces lift.) 


NACA 2412 Wing Section 


It is both a popular expectation and an experimental fact that air flows more rapidly over 
the curved top surface of the airfoil section than along the relatively flat bottom. In the 
NCFMEF video Flow Visualization, timelines placed in front of the airfoil indicate that 
fluid flows more rapidly along the top of the section than along the bottom. 


In the absence of viscous effects (this is a valid assumption outside the boundary layers 
on the airfoil) pressure falls when flow speed increases. Thus the pressures on the top 
surface of the airfoil where flow speed is higher are lower than the pressures on the 
bottom surface where flow speed does not increase. (Actual pressure profiles measured 
for a lifting section are shown in the NCFMF video Boundary Layer Control.) The 
unbalanced pressures on the top and bottom surfaces of the airfoil section create a net 
force that tends to develop lift on the profile. 
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Problem 3.1 


3.1 Compressed nitrogen is stored in a spherical tank of diam- 
eter D = 0.75 m. The gas is at an absolute pressure of 25 MPa and 
a temperature of 25°C. What is the mass in the tank? If the maxi- 
mum allowable wall stress in the tank is 210 MPa, find the mini- 
mum theoretical wall thickness of the tank. 


Given: Data on nitrogen tank 
Find: Mass of nitrogen; minimum required wall thickness 
Solution: 
Assuming ideal gas behavior: p:V=M-R-T 
where, from Table A.6, for nitrogen R = 297. 
kg.K 
-V T: p? 
Then the mass of nitrogen is Mei eR. 
RT R.T 6 
6 3 
25.10-N  kgK 1 J  T(0.75:m) 
M = —— ——— x —— x —— A == 
2 2973 298-۳۴ 90 6 
m 
M = 62.4kg 
To determine wall thickness, consider a free body diagram for one hemisphere: 
2 
-D 
DF =0 =p: - 11 
where o, is the circumferential stress in the container 
T: p? D 
Then - P = P 
4-T:-D:0, 4:0, 
6 N 0 1 m 
t22510 .—x— x s 
m ^ 21010 N 
t = 0.0223m t- 223mm 
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Problem 3.2 [2] 


3.2 Ear “popping” is an unpleasant phenomenon sometimes 
experienced when a change in pressure occurs, for example in a 
fast-moving elevator or in an airplane. If you are in a two-seater 
airplane at 3000 m and a descent of 100 m causes your ears to 
“pop,” what is the pressure change that your ears “pop” at, in 
millimeters of mercury? If the airplane now rises to 8000 m and 
again begins descending, how far will the airplane descend before 
your ears “pop” again? Assume a U.S. Standard Atmosphere. 


Given: Data on flight of airplane 

Find: Pressure change in mm Hg for ears to "pop"; descent distance from 8000 m to cause ears to "pop." 

Solution: 

Assume the air density is approximately constant constant from 3000 m to 2900 m. 

From table A.3 
kg kg 
m m 


We also have from the manometer equation, Eq. 3.7 


Ap = -pai 8: Az and also Ap = Pug 8* Ahyg 
" Pair Pair 
Combining Ahgg = — - Az اسا‎ SGHg = 13.55 from Table A.2 
PHg 5 PH20 
0.909 
Ahy, = —————— x 100-m Ahy, = 6.72mm 
Hg 1355x999 Hg 


For the ear popping descending from 8000 m, again assume the air density is approximately constant constant, this time at 8000 


m. 
From table A.3 
kg 
Pair = 0-4292- Ps1, Pair = 0.52677 
m 
We also have from the manometer equation 
Pair8000 ` 8° ۵78000 = Pair3000 ` 8° 423000 
where the numerical subscripts refer to conditions at 3000m and 8000m. 
Hence 
Pair3000 ` 8 Pair3000 0.909 
AE a A o دوو دو دواد‎ Azgo0o = 173m 
Pair8000 ` 8 Pair8000 
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0.75 


Problem 3.3 [3] 


3.3 When you are on a mountain face and boil water, you notice 
that the water temperature is 1957۳. What is your approximate 
altitude? The next day, you are at a location where it boils at 
185°F. How high did you climb between the two days? Assume a 


U.S. Standard Atmosphere. 


Given: Boiling points of water at different elevations 
Find: Change in elevation 


Solution: 


From the steam tables, we have the following data for the boiling point (saturation temperature) of water 


| pesa | 


The sea level pressure, from Table A.3, is 


PsL = 14.696 psia 
Hence : 1 
Altitude vs Atmospheric Pressure 
Tear CF) 15000 > 
195 0.707 
185 0.571 iasa- 
€ 10000 - X Data 
و‎ 
3 — Linear Trendline 
From Table A.3 5 7500 4 
< z =-39217(p/ps,) + 37029 
R? = 0.999 
0.7372 2500 8203 
0.6920 | 0 9843 T 
0.6492 3500 11484 0.55 0.60 0.65 0.70 
0.6085 4000 13124 plp 
0.5700 | 0 14765 ES 


Then, any one of a number of Excel functions can be used to interpolate 
(Here we use Excel's Trendline analysis) 


Altitude (ft) 
0.707 9303 Current altitude is approximately 9303 ft 
0.571 14640 


The change in altitude is then 5337 ft 


Alternatively, we can interpolate for each altitude by using a linear regression between adjacent data points 


| P'Ps. | Altitude (m) | Altitude (ft) 


| PIPsı [Altitude (m] Altitude (ft) | 
For 


Then | 0.7070 2834 9299 0.5730 4461 14637 


The change in altitude is then 5338 ft 
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Sakon 


HEETS 5 SQUARE 
HEETS 5 SQUARE 
HEETS 5 SQUARE 


Problem 3.5 [2] 


3.5 The tube shown is filled with mercury at 20°C. Calculate the 
force applied to the piston. 


a= 10 00 =— = 


Diameter, D = 50 mm A | 
| | H= 200 mm 
hz 25 mm 
Given: Data on system before and after applied force 
Find: Applied force 
Solution: 
: : dp ; 
Basic equation د ود‎ for constant p P = Patm Z د‎ (y - Yo) with (vo) = Patm 
y 
For initial state P1 = Patm + 1 and بل‎ =pyA=p-gh-A (Gage; F, is hydrostatic upwards force) 
For the initial FBD Fy - 0 F¡-=W=0 W=F, =p-ghA 
For final state P2 = Paty 7 and Fy = pp A= p-g-H-A (Gage; Fo is hydrostatic upwards force) 
For the final FBD 2Ey =0 F)-W-F=0 F=F>-W= pgH-A-p-gh-A = p-g-A-(H —h) 
2 
T-D 

F= PH20'SG-8 (4 -h) 

From Fig. A.1 SG = 13.54 
k m T 2 Ns” 
F = 1000.5 x 13.54 x 981-7 x — x (0.05-m) x (0.2 — 0.025)-m x 
= 4 kg. 
F = 45.6N 
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Problem 6 [2] 


3.6 A 125-mL cube of solid oak is held submerged by a tether 
as shown. Calculate the actual force of the water on the bottom 
surface of the cube and the tension in the tether. 


Given: Data on system 


Find: Force on bottom of cube; tension in tether 

Solution: 

Basic equation S --pgg or, for constant p Ap = pgh where h is measured downwards 
y 


The absolute pressure at the interface is Pinterface= Patm + SGoir ^ £ Poil 


Then the pressure on the lower surface is py = Pinterfacet PSPL = Patm ? P-£(SGoirhoii + hr) 


For the cube V = 125-71 V=1.25x 10 ^m? 
1 
Then the size of the cube is d = y? d= 0.05m and the depth in water to the upper surface is hy = 0.3-m 
Hence hy = hy +d hj = 0.35m where hy is the depth in water to the lower surface 
The force on the lower surface is FL =P ¡A where A = d? A = 0.0025 m 


F = [Patm F P-8-(SGoiy hoi + hy) A 


N k : 
FL =|101x ig + 1000.5. x 981-2 x (0.8 x 0.5-m + 0.35-m) x x 0.0025-m^ 
2 3 2 gm 
m m 5 
Fy, = 270.894 N Note: Extra decimals needed for computing T later! 
For the tension in the tether, an FBD gives YE, - 0 Fp-Fy-W-T-0 or T=F,-Fy-W 


where Fry = [Patm + P-8-(SGoiy hoil + hy) ه4‎ 


http://librosysolucionarios.net 


AF = FL = Fy = د‎ SGoir (hr, = hy)A and T= AF-W 


2 


x 0.0025-m^ 


N k 
101 x 10 à: 1000.5 x 9.81.7. x (0.8 x 0.5-m + 0.3-m) x 
m m S 


F 
U kg-m 


Fy = 269.668 N Note: Extra decimals needed for computing T later! 


SGoak = 0.77 SO W = SGoak' ££ V 


k . N. 
W = 0.77x 1000.5 x 9.81.7. x 1.25 x 10 “mx 


m 5 


W = 0.944N 


T = F, -Fy-W T = 0.282N 
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Note that we could instead compute 


Using Fy 


For the oak block (Table A.1) 


[1] 


Problem 3.7 


3.7 The following pressure and temperature measurements were 


p (in 10? Pa) T (in ^C) 
97.8 10.3 
97.2 10.8 
96.6 11.6 
96.0 122 
95.4 12.1 


The initial values (top of table) correspond to ground level. 
Using the ideal gas law (p = pRT with R = 287 m”/(s” + K), 
compute and plot the variation of air density (in kg/m”) with 


T (in °C) 
12.0 
I1 
10.5 
10.2 
10.1 
10.0 


p (in 10° Pa) 
101.4 


taken by a meteorological balloon rising through the lower 


atmosphere: 


Given: Pressure and temperature data from balloon 


Find: Plot density change as a function of elevation 


height. 
Density Distribution 
26 4 
24K x 
٣ x 
- X 
wp 1224 x 
- x 
E 
8 120. X 
A X 
48 4 X 
16 - r r r 
0 1 2 3 4 5 6 7 8 
Elevation Point 
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Solution: 


Using the ideal gas equation, p = p/RT 


[ 996 | 102 | 125 | 
[ 990 | 101 | 1218 | 


[ 956 | 116 | 1185 | 
[ 950 | 122 | 1475 | 


Problem 8 [2] 


3.8 Your pressure gage indicates that the pressure in your cold 
tires is 0.25 MPa (gage) on a mountain at an elevation of 3500 m. 
What is the absolute pressure? After you drive down to sea level, 
your tires have warmed to 25°C. What pressure does your gage 
now indicate? Assume a U.S. Standard Atmosphere. 


Given: Data on tire at 3500 m and at sea level 
Find: Absolute pressure at 3500 m; pressure at sea level 
Solution: 


At an elevation of 3500 m, from Table A.3: 


Poy, = 101-kPa = 0.6492 - poy, = 65.6-kPa 


Patm Patm 


and we have Pg = 0.25-MPa = 250-kPa P = Pg + Patm p = 316: kPa 


Pg 


At sea level = 101- kPa 


Patm 


Meanwhile, the tire has warmed up, from the ambient temperature at 3500 m, to 259C. 


At an elevation of 3500 m, from Table ۵.3 Teoļq = 265.4. K and Thot = (25 + 273)-K Thot = 298K 


Hence, assuming ideal gas behavior, pV = mRT, and that the tire is approximately a rigid container, the absolute pressure of the 


hot tire is 
T 
hot 
Phot = Pp Phot = 354- kPa 
Tcold 
Then the gage pressure is 
Pg = Phot - Patm Pg = 253-kPa 
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Problem 9 [2] 


3.9 A hollow metal cube with sides 100 mm floats at the inter- 
face between a layer of water and a layer of SAE 10W oil such 
that 10% of the cube is exposed to the oil. What is the pressure 
difference between the upper and lower horizontal surfaces? What 
is the average density of the cube? 


Given: Properties of a cube floating at an interface 
Find: The pressures difference between the upper and lower surfaces; average cube density 
Solution: 


The pressure difference is obtained from two applications of Eq. 3.7 


PU = Po + Psag10'8:(H — 0.1-d) PL = Po + PsAE10 £H + Poo 8 0.9-d 


where py and pz are the upper and lower pressures, pọ is the oil free surface pressure, H is the depth of the interface, and d 


is the cube size 


Hence the pressure difference is 


From Table A.2 SGSAE10 = 0.92 
2 


k N- 
Ap = 999.2 x 9.81- x 0.1-mx (0.9 + 0.92 x 0.1) x > Ap = 972Pa 
3 2 kg-m 
m 5 
For the cube density, set up a free body force balance for the cube 
F=0=Ap:A-W 
Hence W = Ap:A = Apd? 
2 
j m ٧ Ap-d Ap 
cube 3 3 - E Im 
god dg 2 
N 1 ; kg. m kg 
= 972.— x ——— = 991— 
Pcube 7^ 0.1-m i 9.81-m ? 2 Pcube 3 
m N-s m 
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Problem 3.10 [2] 


3.10 A cube with 6 in. sides is suspended in a fluid by a wire. The 
top of the cube is horizontal and 8 in. below the free surface. If the 
cube has a mass of 2 slugs and the tension in the wire is T = 50.7 
Ibf, compute the fluid specific gravity, and from this determine the 
fluid. What are the gage pressures on the upper and lower surfaces? 


Given: Properties of a cube suspended by a wire in a fluid 
Find: The fluid specific gravity; the gage pressures on the upper and lower surfaces 
Solution: 


From a free body analysis of the cube: SF =0 = T4 (PL py) M'g 
where M and d are the cube mass and size and py and م‎ are the pressures on the lower and upper surfaces 


For each pressure we can use Eq. 3.7 P = Po + pgh 


Hence PL -Pu = [Po + p-g-(H 4 d)] (Po H p-g-H) =pgd= SG-PH20'4 
where H is the depth of the upper surface ft bf- 2 
2 - slug x 32.2.— x — 50.7 - Ibf 
M-g-T g2 slug: ft 
Hence the force balance gives SG = چک‎ SG = AANA. SG = 1.75 
igod* slu f^ Ibfes” 3 
PEO 8 194. 998 4 39.9. x x (0.5 f) 
te T slug - ft 


From Table A.1, the fluid is Meriam blue. 


The individual pressures are computed from Eq 3.7 


P=Pot pgh or Pg = pgh = SG-Py0'h 


2 2 
- 1754x 194.218 x 309. x =f LC | T2 ) 


For the upper surface = 0.507 psi 
PP Pg ۴ 2 slug.ft 4# Pg j 
5 
slu ft (2 1), Pts (If) 
For the lower surface pg = 1.754 x 194.208 x 32.2-— x | — + — |-ft x x pg = 0.888 psi 
8 E 2 (3 2 slug.ft 02 8 
Note that the SG calculation can also be performed using a buoyancy approach (discussed later in the chapter): 
Consider a free body diagram of the cube: SF=0=T+Fp-M-g 
where M is the cube mass and Fg is the buoyancy force Fp = SG: PH20 E g 
M-g-T 
Hence T + SG- PH20 p g-M-g=0 or E as before SG = 1.75 
Pro 8L 
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Problem 3.11 [2] 


3.11 An air bubble, 0.3 in. in diameter, is released from the reg- 
ulator of a scuba diver swimming 100 ft below the sea surface. 
(The water temperature is 86°F.) Estimate the diameter of the 
bubble just before it reaches the water surface. 


Given: Data on air bubble 


Find: Bubble diameter as it reaches surface 
Solution: 
. . dp . ] M 
Basic equation m = —pgeyg and the ideal gas equation p-pRT-2—RT 
y M 
We assume the temperature is constant, and the density of sea water is constant 
For constant sea water density P = Patm ^ SGgeg P gh where p is the pressure at any depth h 


Then the pressure at the initial depth is P1 = Patm + SGsea: pg h4 


The pressure as it reaches the surface is pj = Pat 


For the bubble p- Mx but M and T are constant M-R-T = const = p. V 
V 
P1 3 3P1 
Hence P1:V1 = p? V5 or Vo = Vv— or Dy =D, :— 
P2 P 
1 1 1 
3 3 3 
P Patm + Psea Eh Psea tP 
Then the size of the bubble at the surface iD) = Dy E -Dq (Patm * موه‎ hi) = Dj 1+ ا‎ 
P2 Patm Patm 
From Table A.2 SGgea = 1.025 (This is at 68%F) 
1 
3 
2 2 2 
1 ft i 1-ft lbf- 
D» = 0.3-inx | 1 + 1.025 x 194-559 32.2 x = x 100-ft x —— x ys 
te E 14.7-1bf 12-in slug ft 
D» = 0.477-in 
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paez Problem 3.13 [4] Part 2/2 | 
چم‎ 
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E Density and pressure variation of seawater: 
m 
3 
E E= 2 GN/m? Bulk modulus of seawater 
* 
Density Pressure 
D 
epth, Error, Error, 
h (km) Ap/po (=) Aplpo(—) f 
0 0 0 Density and Pressure Errors vs. Depth 
1 0.417 0.219 
2 0.838 0.429 
3 1.26 0.639 شر‎ 
4 1.69 0.851 = 
5 2.12 1.06 E 
6 2.56 1.28 a 
7 3.00 1.49 S 
8 3.44 1.71 9 
9 3.88 1.93 2 
10 4.34 2.15 E. 
11 479 237 x Pressure 
12 §.25 2.59 ps 
13 5.71 2.81 5 10 
14 6.18 3.04 
15 6.65 3.26 د و‎ Dun) 
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Problem 3.14 GFZ 


Given: Cylindrical Cup lowered Slowly beneath pool surface. 


a 
H 


Water h 
hl -y 
ul E =, 

1 


Find: Expression tre y in terms df h and H. Flot: y/u vs. hfH. 


Solu tion, Apply ¡dez gas and hygdmstatic eg ua TITOS. 


, 1 d S 
Basic équahonsi py =mRT Te. = خم‎ 


Asseemphoas! (1) T= constant 
(2) Stat rc guid 
(3 Incompressible liquid 


Using 01), DY = Pa 72 y =$ TE (41-4) sor faH =pl-y) 


Tateg rating ce. =FF Fives P ~ Pa. - د-۸ )وم‎ IN Container. 


Pa H = [arg ln=y3) (4-9) = La Hay +l- MMHG 


` 1.0 
Expandi ag, 


0.8 


DECIS SD EIA gd an = i 
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2 02 
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Y= ARRE 727 [ns Be — tha 0 500 1000 
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H " 2/ 


T هوم‎ —————— 


(See plot above.) 
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Problem 3.15 [1] 


3.15 You close the top of your straw using your thumb and lift it 
out of your glass containing Coke. Holding it vertically, the total 
length of the straw is 17 in., but the Coke held in the straw is in 
the bottom 6 in. What is the pressure in the straw just below your 
thumb? Ignore any surface tension effects. 


Given: Geometry of straw 

Find: Pressure just below the thumb 

Solution: 

Basic equation da =-p-g Or, for constant p Ap = p:gh where h is measured downwards 


dy 


This equation only applies in the 6 in of coke in the straw - in the other 11 inches of air the pressure is essentially constant. 


The gage pressure at the coke surface is م08 ېی1‎ assuming coke is about as dense as water (it's actually a bit dens 
Hence, with Decke = -6-in because h is measured downwards 
slug ft Lf Is 
= —1.94.—— x 32.2.— x 6:in x x 
Pcoke 3 2 12in  slugft 
Ibf ; 
Pcoke = 1ه‎ Pcoke = 70.217-psi gage 
ft 


Pcoke = 14-5- psi 
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[2] 


where h is measured downwards 


Problem 3.16 


3.16 A water tank filled with water to a depth of 5 m has an in- 
spection cover (2.5 cm X 2.5 cm square) at its base, held in place 
by a plastic bracket. The bracket can hold a load of 40 N. Is the 
bracket strong enough? If it is, what would the water depth have 
to be to cause the bracket to break? 


Given: Data on water tank and inspection cover 
Find: Tf the support bracket is strong enough; at what water depth would it fail 
Solution: 
n : dp 
Basic equation a =-p-g or, for constant p Ap = p-g-h 
y 
The absolute pressure at the base is Phase = Patm 80 where 


The gage pressure at the base is Phase = 1 This is the pressure to use as we have Patm on the outside of the cover. 
The force on the inspection cover is F = Phaser A where A = 2.5-cmx 2.5-cm A = 6.25 x 10 ^g? 
k m 4 2 N 8 
F = 1000.Ê x 9.81. x 5.m x 6.25 x 10 ^m x 
3 2 kg-m 
m 5 
F = 30.7N 


The bracket is strong enough (it can take 40 N). To find the maximum depth we start wilF = 40-N 


F 
hoe - 
pg A 
3 2 
h = 40.Nx E x e x —— 2 x ‘em 
1000 kg 9.81 m 625x10 ^ m^ Nes 
h = 6.52m 
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[4] 


Given: Container of merry with vertical tubes cl, = 39.5 mm 


Qad d= 12.7 mm. 
FA 3 


Brass Cylinder 
Lith D= 37.5 mm 
and H "6.2 mnm 
is ۱7۳٥د یك‎ ced. ۵ 
deta larger tube, where 


dod (+ floats, 
EER Find: lo) Pressiere on 
i boton of 
28288 < by hader, n. ; 
zT (à New eguihbrum level, h,0 € mercury. 
i Solution: Analyze free - body diagram of cylinder, apply 
i hydrostahes: 
a : ; d 1 
k Computing equa Teak: ZF =O | د‎ =—-?G3 م‎ = 56 fio 3 
A SSUM heas: (1) Stahe liguid ۱ i 
(2) Incompressible liquid e 
A n P 2 Poo 
For the cylinder YF, =P TE fumss TD H=0 


Thus P lass H = Gace frog H 


From. Table 4,1, SGbraxss * $£,S& at 20°C, So 


E 


p= £55, looo kg 4.8) m ¿0.0161 My, MS” a 6,39 kro Gage) 
ma q? kg ım 

This pressure must be produced bu & column of mercury 

bh? ia height. Thus, using Gung from Table Al, 


Pp > fu Ch + x) = 36 pg Po 2 (ht x) = SCorassfimoÍ H 


Thus hx = ۶کو هو 546د‎ y 4 955 y = 0,63) H (1) 
56 Ha 13.55 


But the volume of metry must 06.7 cons tat, There fura 
TD يږ‎ = "(b o, + Tey, or ne [(2)* = «(25 = 0224 h 
7 7 | 


Subshhetimg inte EQ. 1, 
¿Ot 
hex=hb+0r4h=1224h=0b3H or h nud Asie H 
h = 39.3 mm 


We bes | us 
s | wal l 


g Problem 3.17 


Problem 3.18 [2] 


3.18 A partitioned tank as shown contains water and mercury. 


What is the gage pressure in the air trapped in the left chamber? 
What pressure would the air on the left need to be pumped to in 
order to bring the water and mercury free surfaces level? 
Given: Data on partitioned tank 
Find: Gage pressure of trapped air; pressure to make water and mercury levels equal 
Solution: 
The pressure difference is obtained from repeated application of Eq. 3.7, or in other words, from Eq. 3.8. Starting from the 
right air chamber 
Pgage = SGpg* Pmo* £x (3-m-29-m)-Py0*gx1:m 
Pgage = PH20 * 8X (SGug* 0.1.m - 10- m) 
2 
kg m N's 
Pgage = 999-5 x 9.81: x (13.55 x 0.1 -m — 1.0 - m) x EM Pgage = 3.48-kPa 
m 5 
Tf the left air pressure is now increased until the water and mercury levels are now equal, Eq. 3.8 leads to 
Pgage = SGpg* Pmo*gx10-m-pyox*xgx1.0-m 
Pgage = PH20 X 8* (SGHg x1-m-1.0- m) 
kg m N: a 
Pgage = 999-5 x 981-7 x (13.55 x 1-m-—1.0- m) x en Pgage = 123-kPa 


5 
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Problem 3.19 [2] 


3.19 In the tank of Problem 3.18, if the opening to atmosphere 
on the right chamber is first sealed, what pressure would the air on 


the left now need to be pumped to in order to bring the water and sm 
mercury free surfaces level? (Assume the air trapped in the right 
chamber behaves isothermally.) 
3m 
Given: Data on partitioned tank 
Find: Pressure of trapped air required to bring water and mercury levels equal if right air opening is sealed 
Solution: 
First we need to determine how far each free surface moves. 
In the tank of Problem 3.15, the ratio of cross section areas of the partitions is 0.75/3.75 or 1:5. Suppose the water 
surface (and therefore the mercury on the left) must move down distance x to bring the water and mercury levels equal. 
Then by mercury volume conservation, the mercury free surface (on the right) moves up (0.75/3.75)x = x/5. These two 
changes in level must cancel the original discrepancy in free surface levels, of (1m + 2.9m) - 3 m = 0.9 m. Hencex + x/5 = 
0.9 m, or x = 0.75 m. The mercury level thus moves up x/5 = 0.15 m. 
Assuming the air (an ideal gas, pV=RT) in the right behaves isothermally, the new pressure there will be 
: Vrightold i Aright' Lrightold : Lrightold : 
right ^ V '"Patm ~ '"Patm 7 ` Patm 
P Vrightnew Aright' Lrightnew Lrightnew 
where V, A and L represent volume, cross-section area, and vertical length 
Hence 
- : x 101 - kPa — 106kPa 
Pright ^ 37015 Pright 


When the water and mercury levels are equal application of Eq. 3.8 gives: 


Pleft = Pright + SGHg x P20 X 8x 1.0: m- pHo x gx 80 


Pleft = Pright + PH20 X 8 * (SGug x 1.0-m-1.0- m) 


k m N. s 
= x 981.7 x (13.55-1.0: m= 1.0: m) x 


m 5 


Pleft = 229kPa 


= 106 - kPa + 999. 
Pleft kes mi 


Pgage = Pleft ~ Patm Pgage = 229. kPa - 101۰ kPa Pgage = 128kPa 
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Problem 0 [2] 


Given: U-tube MAMME EES partially fi led wi th water, then 
Vp; = 3,25 CraS of Meriam red otf کا‎ added To the IGF size. i 


Find: Equilibrium he 19h t; H, When both legs are open to atmosphere, 
Solution: Apply basic pressure-heigh+ rela ton. 


Basi a: 
ASIC EQUATION. dp = +49 


1 


h 


Assumptions: (1) Incompressible ۸۹ 
(2) h measured obwa 


Integration gives 
Pip, = CF (ha¬ hı) 
Thus 
Pe = Pa ۸ fou F L 


Po = Pe + fwater a(L-H) 
Since Pa = fe = Patm, then 

(orl GH ° Cusaterg (L-H) 
or 


Thus 
H =L (1-SGoi/) 


From the volume of راه‎ Y = TRL, so 


2 
E A - -ت-‎ 07 O mer _ 03 mm 
TD 7 (6.35) mm? Cm 3 


FINA llig, Sinet SG=0.827 (Table A. 1, Appendix A), then 


H = 103 mm (de 0.827) = 17.2 mm 
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42.381 SO SHEETS 5 SQUARE 
42.382 100 SHEETS 5 SQUARE 
42.389 200 SHEETS 5 SQUARE 


+ 
mar 


NATIONAL 


2 


Carbon 
tetrachloride, 


ولا 


—+ 


Problem 3.21 


Seo 2 2‏ عوهتو مې NS HE S‏ مع 
ar Or N‏ 

i. 
SONA en. 


: AR 
dose eq den P Ok = NON توق‎ 
چص ېسوا‎ ١ کا‎ See س‎ 


(QN Weorveress ae, 
D ey. ees Y. 


ren Ae = هم‎ and b= ea s 


ON 
E WA Ae y ar 7 Re at ~ Rao S Ç Ra 
A "روو‎ Ca EN = Rae Y = SGA Raw AÅ 7 Quod 
پک پک‎ = "Wo ag En = N 
Eron “Vote Wu. Apr da W , SG = کو‎ 


t dem = \ace La ے‎ SN => ¿OA ۷ (SAS AN A.s* 
5 . 


NS ^ 


= ا چ 
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SQUARE 
SQUARE 
SQUARE 


Problem 2 [2] 


3.22 The manometer shown contains two liquids. Liquid A has P1 P2 
SG = 0.88 and liquid B has SG = 2.95. Calculate the deflection, 
h, when the applied pressure difference is p, = p» = 18 77 


Liquid B 


Given: Data on manometer 


Find: Deflection due to pressure difference 
Solution: 
Basic equation 2 =-p-g or, for constant p Ap = p-g Ah where h is measured downwards 
y 
Starting at py Pa = Py +SGa pg (h +1) where l is the (unknown) distance from the level of the right 
interface 
Next, from A to B Pp = Pa = SGp:p-g:h 
Finally, from A to the location of p; P2 = Pp - SGA:p:g:l 
Combining the three equations Po = (Pa - SGp:p-8:h) — SGq-p-g-l = [P1 + SGa:p:g:.(h 1) — SGp:p-gh| - 1 
po-p4 = (SGA - SGp)p-8:h 
P1 =P2 
(SGg = SGA) Pg 
3 2 
h = 18. x 1 : 1 ft : 1 s slug-ft 
f2 (2.95 - 0.88) 1.94 slug 32.2 ft 2 1bf 
h = 0.139-ft h = 1.67-in 
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21-7 


لول ٣٢ A We ۸٢‏ مه کې 


Problem 3 


Gen Niss ud MBNONELEL URLS woes هغه‎ Kerosene ANS | 
Gs 


An ues ملت که‎ | Le Sera surface 
has ON tons Aer نک‎ So = LOONA 
2 : 


Find. CN aan da Ke ce co. Q5. ۹ 
کا‎ (oes — Sur Core of 
Kudo Wren a DOSS 
of ato Ta ws má No 


e ses Xola. 
SAS LON: 


. 


Rosi ion! por Ra ن؛‎ bP= مي‎ 


Wires, Ke e چم چم‎ = ADO a 5 apre d. So Le 
eO عم سیک‎ S We کلم‎ hule ws که اچومه‎ 
دمه هلکه‎ a چوس‎ kE E We Ner 
Ww Ss Roca ٧ tums ord * Some مې نف‎ f 

Gale Se aged BBE PTESSUTE پ‎ Ne : AL eNeSOON A CN 
که‎ erena A, ao 
نت کر = پد‎ 


Sie Pons WS ose al Ve SONNE huso A Be sose 


os رون‎ 
Sa MA OS " Set geg SR 5 A. کی‎ 
GINA Henn ` l 


NY = ES‏ مهوم 


ES a 
یي‎ SS p Te . Fon hA ٤٧٩ SG = ODA 
M 0 pe € - امل‎ ^ 
= ot? = . : 
EN TT CUPS AWN WR LL 
Under We o pee Pre seure ue ( ٢ NS N 


Pat Balers + R 1 * ورو سي‎ PQ لوا‎ . 


See. ۳ ees‏ که په 
tor 1 XS‏ وملک 


i. SERE Ew ال‎ 


1 SS خا , شه‎ ^ EIN 
2 ¿ON o anda * a Are o 9 oes 


l= Sum 
Ws Ur? = JO WN 
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[2] 


where Ah is height difference 


hy = 0.125m+0.25m hy = 0.375m 


0.25-m 


T 
N 
Il 


h3 = 0.9-m - 0.4-m 


Problem 3.24 


3.24 Determine the gage pressure in psig at point a, if liquid A 
has SG = 0.75 and liquid B has SG = 1.20. The liquid surrounding 
pointa is water and the tank on the left is open to the atmosphere. 


or, for constantp Ap = p-g Ah 


Py = Pa -P:gh] where 
P2 = Py +SGa'p:gh) where 
Patm = P2 - SGp'p:8:h3 where 


Pati = (Pi +4 56 ر0٠٤:‎ 2( - SGp:p-g:hg = Pq = p-gh4 + SGa:p-g-hy = SGg:p-8:h3 


2 
N 
x 9.81.7. x [0.375 - (0.75 x 0.25) + (1.20 x 0.5)]-mx — i 


(gage) 


Pa = Patm + p-g-(hy - SGA: + SG hs) 


kg 
3 
m S 


Pa = 1000. 


3 
Pa = 7.73x 10 Pa Pa = 7.73-kPa 
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Given: Data on manometer 


Find: Gage pressure at point a 

Solution: 

Basic equation dp = -pg 
dy 


Starting at point a 


Next, in liquid A 


Finally, in liquid B 


Combining the three equations 


or in gage pressures 


(I) 


Problem 3.25 


Gwen: Tes- fluid manometer; oil فا‎ second fluid. 


Find: SO meded for /o 7 amplification. 


Assumphons: (1) Stake liquid Tank A 
G) DTnwmpre SS bele 


Then dp = egdh 
p= Po tegh LET 
For lett leg, ty = Parm + Prog ha 


Po = Pa- finog 7 Paton + ممځ‎ gla =4) 
For right (eg, Bp | 


2 


fo*n + eno 5 


Pe = Pa ¬ 7ک‎ Puro ge = Patan + finog (bg لس وای‎ 


Con bing , 
pom Prog (na-4) = Bf + lof (he - Soi £) 
or f 
ha -L = ha“ $6014 ; ha-ha” Ah = £ (1-661) 
Finally 
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Solution: Baste equation E: = -E3 


O SHEETS 5 SQUARE 
HEETS $ SQUARE 
ETS 5 SQUARE 


Problem 3.26 [2] 

3.26 Consider a tank containing mercury, water, benzene, and » D-0.25m " 
air as shown. Find the air pressure (gage). If an opening is made iw 0.028 
in the top of the tank, find the equilibrium level of the mercury in — ü 
the manometer. 

0.1 m 

0.1 m 0.3m 

0.1 7 
Given: Data on fluid levels in a tank 
Find: Air pressure; new equilibrium level if opening appears 
Solution: 
Using Eq. 3.8, starting from the open side and working in gage pressure 

Pair = PH20 * 8% [SGggx (0.3 — 0.1) - m — 0.1 - m - SGBenzeneX 0.1: m | 
2 
; kg m N-s 
Using data from Table A.2 Pair = 999: — x 9.81.— x (13.55 x 0.2 -m — 0.1. m — 0.879 x 0.1 - m) x Pair = 24-7-kPa 
3 2 kg-m 
m 5 
To compute the new level of mercury in the manometer, assume the change in level from 0.3 m is an increase of x. Then, 
because the volume of mercury is constant, the tank mercury level will fall by distance (0.025/0.25)?x. Hence, the gage 
pressure at the bottom of the tank can be computed from the left and the right, providing a formula forx 
0.025 ; 
SGHg x po X £x (0.3-m+ x) = SGHg x P20 X £x[0.1-m- x ae WA m 
+ PH20 X £x 0.1: m + SGpenzene * PH20 X £x 0.1: m 
Hisce e [0.1-m + 0.879 x nee (0.1 — 0.3)-m] x --0184m 
0.025 3 
d 0.25 fldem (The negative sign indicates the 
manometer level actually fell) 

The new manometer height is h = 0.3-m + x h = 0.116m 
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Problem 3. 27 
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Finds Pressure desees AR. 
SN on. 
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SQUARI 
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S, FILLER 
YE-EASE® 
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YE-EASE* 
D WHITE 
D WHITE 


: ۹٢ وه‎ ٢٠٢ LN Nore gos 
220388 | GEN ei A 
cl ue A ge SES 

۱ TN 

IP = pad end ex eS 
Y 
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Bos dV پک‎ ond Grass rough monondies No پچ‎ 
Rat af r ae هم یم‎ es > Fa 
SES 

“Quo S 7 بد‎ Parca Lento 

a‏ ا Po Y, ۳ SO‏ = وھچ 


f 


Fron Noe WR. Ew 355 
Wen 


` 


Rar Paz AA doa ne په‎ 6 (1.58) Sal Wt 
Le 


Roky = ue کمک‎ 
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E: fer ٤ 


Cron Node. ۹٩ eee nds , 


Problem 3.28 


Quen; A O- Nie وې‎ sS conmeded ٤ 
De ای لا‎ (Ned slides as down 
عماټېععه۳)‎ “uid کا‎ mes carn blue) 
Y= 25» Ex OM , A= Om 


Fuma: We monomer defledion : :1 


Bosu N` i = 
ES 
For ¥= cen dos Nx ۳ NN 


en bea hn A شا‎ Cree Sus loc and occa 
Sanges خا‎ e use کڅا‎ elesclian | 


ARAN * Cy RS = Rue da‏ یک 
TÌ‏ ادم i‏ هه + al Y)‏ په 
Oa i. tte edat‏ 
SSAC‏ د and‏ 
SGF VAS.‏ | $ = دا 
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Gallien X 


42-339 700 SHEETS 5 SQUARE 


423 
42.3 
2.3 


REE 
A 
و‎ 


81 50 SHEETS 5 SQUARE 
82 100 SHEETS 5 SQUARE 


4. 


Problem 3.29 [2] 


Given! Reservoir Manone tr with ver ica / - کم‎ D= 18 pn 
and d 6 ram dicene kr. Gage Nigeria ıs Merian red ٠ 


Find: (a) Algebraic expression thor gef lechon L in smali fee be 
when gage pressure Ap K applied to The reservoir. 
(b Evaluate L when Ap IS eguivalent To 25 mm Ho (gage). 


Solution: Use ne eka gram of Example Problem 3,2, apply‏ ون 
hydrostancs .‏ 


lomput ing equañoas : op = +64 ; Ap =0g Ah > P T 36 هرم‎ 
Assumphons: (1) Stahe gid l BE Ap > 
C) Laco mpressible liquid l 
( m : 
Thea Ab =4; 4 (XFL OE paa E 
PA د سو‎ | 


From conservahean of volume, 
TD”, _Td?, , dut 
pu E e 


*? 
$ 
= 
$ 
= 
۹ 


Ap = وتم‎ Ah "bil Ales Lc] - ei gc [ic y] 
solving for L, 
a 1 Ap 
> migli tC ] 


Substihhng DO ~fuaterg Ah, 
L= Euwarer $ Ah Ah 


- : ej t 

و سنا لب gl 1+(21p)*)‏ ص رھک 

Evaluathig, wrth 6ک‎ ( 7 (Table A.I), 
25,0 mm 


p= سک‎ 
1.77) I+(“hg)? ] 


= 27,1 mm 


= 27280777 = | 04 fur thes manome kr. | 


Note: A= L _ 
Ahe 23.0 rnm 
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Problem 0 [2] 
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3 Y 
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Guen : 


We monomdles defleducn D.‏ ي۳ 
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0 SHEETS 5 SQUARE 
O SHEETS 5 SQUARE 
0 EETS 5 SQUARE 


A us 
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Problem 3.32 [3] 


3.32 The inclined-tube manometer shown has D = 76 mm and 
d = 8 mm, and is filled with Meriam red oil. Compute the angle, 
0, that will give a 15-cm oil deflection along the inclined tube for 
an applied pressure of 25 mm of water (gage). Determine the sen- 
sitivity of this manometer. 


Given: Data on inclined manometer 


Find: Angle 0 for given data; find sensitivity 
Solution: 
Basic equation 2 =-p-g or, for constant p Ap = pg Ah where Ah is height difference 
y 
Under applied pressure Ap = SGwer p-g(L:sin(0) + x) (1) 
From Table A.1 SGmMer = 0.827 
and Ap = 1 in. of water, or Ap = pgh where h = 25-mm h = 0.025m 
kg m . 
Ap = 1000-— x 9.81.— x 0.025-m x Ap - 245Pa 
3 2 kg-m 
m 5 
Atube d i 
The volume of liquid must remain constant, so x- Ares = L-Atube x=L- = L.| — (2) 
Ares D 
0 2 
Combining Eqs 1 and 2 Ap = SGmer pg L:sin(0) + 2 
2 
0 
Solving for 0 sin (0) = NC. NT (5) 
SGyerpgL AD 


3 2 2 
N 1 1 1 1 1 kg 8 
sin(0) = 245. — x —— x c و نم و‎ ace oe 
i 0.827 1000 kg 981 m 0.15 m ZN 76 


0 = 11-deg 
The sensitivity is the ratio of manometer deflection to a vertical water manometer 


L 015m 
s== s= 6 
h 570 
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[3] Part 2/2. 


Problem 3.34 
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Tos تایا سمل مه م5امد‎ 


2 3 4 5 
Diameter Ratio, 0 21d, (---) 


1.0 


0.8 + 


0.6 


0.4 


Sensitivity, 5 (---) 


0.2 
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Problem 3.37 [3] 


Given: Water columna standing at Ah =50mm در‎ D» 2, 47m glass tube, 


Fiad: (a) Column height if Surface tension Jere 34/0. 
G) uma he ight i1 D* J mm pube, 


Solution: Assume Colemn he ight Is Sum ۴ 
Capillary rise and rise لعف‎ bu 
pressure Aifference, 


j 
وص مرص  صا‎ 


di Ah =< Ahe + Abp 

Choose a fae- body dagram tf de, fr analysis: 

BBB] | ZB = Me cos0— TR pg Ah =0 vd 
i Assumphans: 0 ( Neg lect volant under EA | 
i (2) hp remains constant 
b Thea bh, = 25 cosd ma “ray 


For watr (Table A.4), © = 12.8 mN/m and 80,50 هغه‎ m 1, And 


= Ah, 
7 d 


For te D*92.£mv» tube, 


A, = T. 72, x0 M x mà X Sy. ot x KIN « 0.019 m or I. 4 mm 
wm G44 kg Gjim 0.0025 m ۸ «زه//‎ 


24 
r 


Then 
bhp = Ah “Ah, =(60.0-114) mm = 39,1 mm (6 =o) 


For the D = lo mm tube, 


Ab, = 4 728160 2 AŽ ار شش و‎ m die: 247 mm 
اوي رل‎ 9,2) m Tr × د ونو‎ 8 


E 
A, = ۵ thhp = (29.74 38,1) mar = (1123 mm (D 4,0 mmn tube) 
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Problem 3.38 [2] 


3.38 Consider a small diameter open-ended tube inserted at the ^ Tube 
interface between two immiscible fluids of different densities. 
Derive an expression for the height difference Ah between the in- 
terface level inside and outside the tube in terms of tube diameter 
D, the two fluid densities, p, and p2, and the surface tension g and 
angle 0 for the two fluids’ interface. If the two fluids are water and 


mercury, find the tube diameter such that Ah < 10 mm. 


Fluid 1 


Fluid 2 


Given: Two fluids inside and outside a tube 
Find: An expression for height h; find diameter for h < 10 mm for water/mercury 
Solution: 


A free-body vertical force analysis for the section of fluid 1 height Ah in the tube below the "free surface" of fluid 2 leads to 


2 2 


TD T-D 
F = 0 = Ap —— - p1: g: Ah. 
) 1 4 P18 4 


+ T-D-o-cos(0) 


where Ap is the pressure difference generated by fluid 2 over height Ah, Ap = p>-g.Ah 


Assumption: Neglect meniscus curvature for column height and volume calculations 


2 2 3 , 
-D -D D 2 
Hence Ap. - p1g Ah = p Ah-—— E pg An EZ = -n-D-0-cos(0) 
4 4 4 2 
Solving for Ah Ape Oo ste) . 
81) = 01) 


For fluids 1 and 2 being water and mercury (for mercury o = 375 mN/m and 0 - 1400, from Table A.4), solving for D to 
make Ah - 10 mm 


4c-cos(0) —— 4-0-cos(0) 
gAh(p-P1) مو صفع‎ (SGgg - 1) 
4x 0.375. x cos(140-deg) 
D = a  _ A x 
9.81.7. x 0.01-m x 1000.8 x(36-1 Ns 
S m 


kg.m 
D = 0.93mm D ه2‎ 70 
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Problem 3.39 


3.39 You have a manometer consisting of a tube that is 1.1-cm 
ID. On one side the manometer leg contains mercury, 10 cc of an 
oil (SG = 1.67), and 3 cc of air as a bubble in the oil. The other 
leg just contains mercury. Both legs are open to the atmosphere hy 
and are in a static condition. An accident occurs in which 3 cc of 
the oil and the air bubble are removed from the one leg. How 


much do the mercury height levels change? " 

Given: Data on manometer before and after an "accident" 

Find: Change in mercury level 

Solution: 

Basic equation 2 =-p-g or, for constant p Ap = p-g Ah where Ah is height difference 
y 


For the initial state, working from right to left paty = Patm + SGyg p-8:h3 — SGojr د‎ ٧٢ + hy) 


SGygP:8h3 = SGoir د‎ (h + hy) (1) 
Note that the air pocket has no effect! 


For the final state, working from right to left Patm = Patm + SGHg p-£(h3 - : - SGoir p-ghy 
SGyg'P:8 (h3 - x) = SGoj]'P:8:hy (2) 


The two unknowns here are the mercury levels before and after (i.e., h and x) 


SGoil 
Combining Eqs. 1 and 2 SGuep-gx = SGorp-g(hi*ho-h) x= (hy +hy—hy) © 
8 SGHg 
From Table A.1 SGHg = 5 
The term hy + ho - hy is the difference between the total height of 


oil before and after the accident 
2 3 
A 4 1 1 1 
PE ا کے‎ a] | = ote 
| | r 10.011 m 100-cm 


x 0.0316-m x = 3.895 440 um x = 0.389-cm 


Then from Eq. 3 
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-60 -40 
Temperature (°C) 


-80 


-100 


0 
-120 


Elevation (km) 


Problem 3.40 


3.40 Based on the atmospheric temperature data of the U.S. 
Standard Atmosphere of Fig. 3.3, compute and plot the pressure 
variation with altitude, and compare with the pressure data of 


Table A.3. 
Given: Atmospheric temperature data 
Find: Pressure variation: compare to Table A.3 
Solution: 
From Section 3-3: & --pz 
dz 
E 
l E. dT 1999 
For a linear temperature variation m = —— = const P =P] > 
dz To 
g(z-z9) 
۴ : RT 
For isothermal conditions (Example 3.4) P = po€ 


In these equations pp. Tp. and zp are reference conditions 


PsL= 101 kPa 
R= 286.9 J/kg.K 
p= 999 kg/m? 
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The temperature can be computed from the data in the figure 
The pressures are then computed from the appropriate equation From Table A.3 


TR مد‎ [WW Tora | 
2880 1000 [. ١ — | 57 
2.0 


275.00 0.784 


26-1 --21- 
4.0 262.0 0.608 
249.0 0.465 

236.0 0.351 
11.0 216.5 0.223 


12.0 216.5 T = const 0.190 
14.0 216.5 0.139 
16.0 216.5 0.101 
18.0 216.5 0.0738 
216.5 0.0530 


m = 0.0393 
-0.000991736 0.0288 
(K/m) 0.0211 
0.0155 
0.0115 
0.00824 
m= 0.00632 
-0.002781457 0.00473 
(K/m) 0.00356 
0.00270 
0.00206 
0.00158 
0.00122 
0.00104 
T = const 0.000736 
ee a Ud 0.000544 
m = 0.000444 
0.001956522 0.000343 
(K/m) 0.000264 
[ $00 | 174 | 2556 . 0.000202 
0.000163 
m = 0.000117 
| 660 |  -377 | 2353 | 0.003913043 0.0000880 
(K/m) 0.0000655 
0.0000482 
0.0000351 [ 900 | 000000162 | 
| 740 | 60 | 09 | 0.000023 
0.0000180 
0.000016 


180.5 T = const 0.00000861 
180.5 0.00000590 
180.5 0.000004 


0.00000276 1805 
0.00000189 1805 
0.00000130 1805 | 5ه | 900 [ 
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Atmospheric Pressure vs Elevation 


1.00000 
70 80 90 100 
0.10000 


0.01000 


0.00100 


Computed 
9.00010: X Table A.3 


0.00001 - 


Pressure Ratio p/p s. 


0.00000 - 
Elevation (km) 


Agreement between calculated and tabulated data is very good (as it should be, considering the table data is also computed!) 
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Problem 1 Bl 


3.41 Two vertical glass plates 300 mm X 300 mm are placed in 
an open tank containing water. At one end the gap between the 
plates is 0.1 mm, and at the other it is 2 mm. Plot the curve of water 
height between the plates from one end of the pair to the other. 


Given: Geometry of vertical plates 
Find: Curve of water height due to capillary action 
Solution: 


Parallel Plates: A free-body vertical force analysis for the section of water height Ah above the "free surface" between 
plates arbitrary width w (similar to the figure above), leads to 


Ps = 0 = 2-w-0-cos(0) — p-g-Ah-w-a 


2-0-cos(0) 


pga 


Solving for Ah Ah = 
For water o = 72.8 mN/m and 6 = 0° (Table A.4), so 


o= 72.8 mN/m 
p= 1000 kg/m’ 


Using the formula above 


Capillary Height Between Vertical Plates 


Rh نم‎ BP 
N À Cc 
D © © 


Height Ah (mm) 
o 2 
o o 


60 


0 T T T 1 
0.0 0.5 1.0 1.5 2.0 


Gap a (mm) 
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Problem 3.42 [2] 


3.42 Compare the height due to capillary action of water 
exposed to air in a circular tube of diameter D — 0.5 mm, and 
between two infinite vertical parallel plates of gap a — 0.5 mm. 


Given: Water in a tube or between parallel plates 
Find: Height Ah for each system 
Solution: 


a) Tube: A free-body vertical force analysis for the section of water height Ah above the "free surface" in the tube, as 
shown in the figure, leads to 


nD 
2 = 0 = s D:o-cos(0) — PEANT 


Assumption: Neglect meniscus curvature for column height and volume calculations 


_ 4o-cos(0) 


Solving for Ah Ah 
0اع. م‎ 


b) Parallel Plates: A free-body vertical force analysis for the section of water height Ah above the "free surface" between 
plates arbitrary width w (similar to the figure above), leads to 


bx = 0 = 2-w-o-cos(@) — p-g-Ah-w-a 


_ 2-0-cos(8) 
p:ga 


Solving for Ah Ah 


For water o = 72.8 mN/m and 0 = 09 (Table A.4), so 


4x 0,0728. 
a) Tube Ah - L——— BE o ug Ah = 5.94x 10 ^m Ah - 5.94mm 
999.8 x 9815 x0005m Ns. 
m S 
2x 0.0728. 
b) Parallel Plates Ahs -V u Ah = 297 10m Ah = 2.97mm 
999.8 x 9815 x0005m N:S” 
m 5 
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Problem 3.43 [3] 


3.43 Ona certain calm day, a mild inversion causes the atmo- 
spheric temperature to remain constant at 85°F between sea level 
and 16,000 ft altitude. Under these conditions, (a) calculate the 
elevation change for which a 2 percent reduction in air pressure 
occurs, (b) determine the change of elevation necessary to effect a 
10 percent reduction in density, and (c) plot p>/p, and p/p, as a 
function of Az. 


Given: Data on isothermal atmosphere 
Find: Elevation changes for 2% and 10% density changes; plot of pressure and density versus elevation 
Solution: 

dp i 


Basic equation -pg and p=pRT 


dz | 


Assumptions: static, isothermal fluid,; g = constant; ideal gas behavior 


Then dp = pg = . PS. and dp E -dz 
dz Rair T p Rair T 
RAT p 
Integrating Aye Pin = where T = To 
8 P1 
For an ideal with T constant BE - و‎ cial = i so Az = ٠ D a us = -C-In us (1) 
Pj PIRagrT P1 8 01 01 
From Table A.6 Rair = 53.33.20 bE 
Ibm-R 
RAT 
0 ft-lbf 1 32.2-Ibm- ft 
Evaluating ga ۳ M oua. x (85 +460): R x شر‎ x لس‎ C = 29065-ft 
g Ibm-R 32.2 ft 2 1bf 
2م‎ 
For a 2% reduction in density — = 0.98 so from Eq. 1 Az = —29065-ft-1n(0.98) Az = 587-ft 
0 
P2 
For a 10% reduction in density — 209 so from Eq. 1 Az = -29065-ft-In(0.9) Az = 3062-ft 
0 
Az 
P2 P2 p p EFE 
To plot — and — we rearrange Eq. 1 = = a = E 
P1 0 P1 P1 
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20006, 


150067 
D 
LI 
S 
= 100067 
> 
E 
El 
50007 
0.4 


This plot can be plotted in Excel 


Problem 3.44 [3] Part 1/2 
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1 Problem 3.44 [3] 2 


Density vs. elevation in Martian and Earth atmospheres: 
Elevation Derisity Density 
Change Ratio Ratio 
m (Earth) (Mars) 
(n) pIps. PIps. 
(--) (---) 
0 1.000 1.00 


2000 0.8217 0.860 
4000 0.6689 0.740 
6000 0.5389 0.636 
8000 0.4292 0.547 
10000 0.3376 0.470 
12000 0.2546 0,405 
14000 0.1860 0.348 
16000 0.1359 0.299 


à 18000 0.09930 0.257 
E 20000 8 0.221 
3 
* 
Density Ratio vs. Altitude 
1.0 
T 0.8 
2 
a 06 
: 
2 
I 
e 04 
= 
n 
5 
a 0.2 
0.0 
0 5000 10000 15000 20000 
Altitude, z (m) 
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Problem 5 [3] Part 112‏ تت 
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Problem 3.45 [3] Part 212 


Pressure ratio vs. elevation above Denver: 

Elevation Pressure Pressure 

Elevation above Ratio Ratio 
z Denver (T =C) (adiabatic) 

(m) z ۰ PIP» 

(m) (---) (---) 
0 -1610 1.185 1.20 
500 -1110 1.127 1.13 
1000 -610 1.070 1.07 
1500 -110 1.013 1.01 
2000 390 0.955 0.956 
2500 890 0.898 0.902 
3000 1390 0.841 0.849 
3500 1890 0.783 0.800 
2 4000 2390 0.726 0.752 
è 4300 2690 0.691 0.724 
E 4500 2890 0.669 0.706 
a 5000 3390 0611 0.662 

“k 


Pressure Ratio vs. Elevation above Denver 


Adiabatic 


Pressure Ratios, p/p (---) 


Incompressible 


0 1000 2000 3000 4000 


Elevation above Denver, Az (m) 
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Problem 6 [2] Part 20. 
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Force Ratio vs. Surface Pressure Ratio 

30 

٢‏ سو 
u.‏ 
u‏ 
و 
5 
[va‏ 

3 10 
he 
o 
لا‎ 

0 

0 1 2 3 4 5 
Surface Pressure Ratio, ۵,۱١ atm (---) 
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Problem 3.47 [5] Part 1/3 | 


Open-Ended Problem Statement: A hydropneumatic elevator consists of a piston-cylinder 
assembly to lift the elevator cab. Hydraulic oil, stored in an accumulator tank pressurized by 
air, is valved to the piston as needed to lift the elevator. When the elevator descends, oil is 
returned to the accumulator. Design the least expensive accumulator that can satisfy the 
system requirements. Assume the lift is 3 floors, the maximum load is 10 passengers, the 
maximum system pressure is 800 kPa (gage). For column bending strength, the piston 
diameter must be at least 150 mm. The elevator cab and piston have a combined mass of 
3,000 kg, and are to be purchased. Perform the analysis needed to define, as a function of 
system operating pressure, the piston diameter, the accumulator volume and diameter, and the 
wall thickness. Discuss safety features that your company should specify for the complete 
elevator system. Would it be preferable to use a completely pneumatic design or a completely 
hydraulic design? Why? 


Discussion: The design requirements are specified, except that a typical floor height is about 12 
ft, making the total required lift about 36 ft.) 


A spreadsheet was used to calculate the system properties for various pressures. Results are 
presented on the next page, followed by a sample calculation. 


Total cost dropped quickly as system pressure was increased. A shallow minimum was reached in 
the 100-110 psig range. 


E 
E! 
Š 

* 


The lowest-cost solution was obtained at a system pressure of about 100 psig. At this pressure, the 
reservoir of 140 gal required a 3.30 ft diameter pressure sphere with a 0.250 in. wall thickness. 
The welding cost was $311 and the material cost $433, for a total cost of $744. 


Accumulator wall thickness was constrained at 0.250 in. for pressures below 100 psi; it increased 
for higher pressures (this caused the discontinuity in slope of the curve at 100 psig). The mass of 
steel became constant above 110 psig. 


No allowance was made for the extra volume needed to pressurize the accumulator. 


Fail-safe design is essential for an elevator to be used by the public. The control circuitry should 
be redundant. Failures must be easy to spot. For this reason, hydraulic actuation is good: leaks 
will be readily apparent. The final design must be reviewed, approved, and stamped by a 
professional engineer since the design involves public safety. 


The terminology used in the solution is defined in Table 1. 


Table 1. Symbols, definitions, and units 


Symbol Definition Units 
p system pressure psig 
A, area of lift piston in.? 
Xa volume of oil gal 
D, diameter of (spherical) accumulator ft 
t wall thickness of spherical accumulator in. 
Ay area of weld in? 
Cy, cost of weld $ 
M, mass of (steel) accumulator Ibm 
C, cost of steel $ 
C, total cost $ 


Results ofthe system simulation and sample calculations are presented on the next page. 
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i 


C: ($) 
$1,796 
$1,429 
$1,218 
$1,078 

$976 
$899 
$837 
$786 
$743 
$745 
$754 
$763 


Problem 3.47 


Table 2. Results of system simulation 


Input Data: Cab and piston weight: Wa = 6,000 Ibf 
Passenger weight: ۸٧ ,یم‎ = 1,500  Ibf 
Total weight: Wit = 7,500 ۳٢ 
Allowable stress: = 4,000 psi 
Minimum wall thickness: t= 0.250 in. 
Welding cost factor: cf, = 5.00 $/in? 
Steel cost factor: cf, = 1.25 $/pound 

Results: 

p (psig) A, (in?) V, (gal) D, (ft) t (in) A, (in.?) Cw ($) M, (ibm) Cs ($) 
20 375 701 5.64 0.250 106.2 $531 1012 5 
30 250 468 4.92 0.250 92.8 $464 772 $965 
40 188 351 4.47 0.250 84.3 $422 638 $797 
50 150 281 4.15 0.250 78.3 $391 549 $687 
60 125 234 3.91 0.250 73.7 $368 487 $608 
70 107 200 3.71 0.250 70.0 $350 439 $549 
80 93.8 175 3.55 0.250 66.9 $335 402 $502 
90 83.3 156 3.41 0.250 64.4 $322 371 $464 

100 75.0 140 3.30 0.250 62.1 $311 346 $433 
110 68.2 128 3.19 0.263 63.4 $317 342 $428 
120 62.5 117 3.10 0.279 65.3 $326 342 $428 
130 57.7 108 3.02 0.294 67.1 $335 342 $428 
2,000 
1,500 + 
Y 
y 
E 1,000 
3 
ج‎ 
500 
0 
0 20 40 60 80 100 120 140 
System Pressure, p (psig) 
Fig. 1 Total cost versus system pressure 


Sample Calctela hen (p 220 psig); 


* 
in. 


Wie x. $ Ap ; Ap - F = 7560 lof, 20003 = 375 mi 
7 375) = CK / ٨ ae TAS el 
Y 3 Apt E — EP 


D ,‏ 3 
x‏ کم 2 a3‏ 
د غ اند هسز TE ps (e)‏ وکو ارد يا 


3 


Prom a frere ba laxe on the Sphere! Tote 
4 


y 
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S eG 12v TE 
x E = 0.086. 19. | 


S lin. 


Problem 3.47 


2 22 
Thus p MDs = IDs رس‎ t= É Ds_ 1,20 In. 
4 C `Y 1i0." Yeon thf 


Therefore ta tan 20.250 IN. 


Ay = TDst =T; S.64 £L 02S 17-412 1a; 106 in? 
ft 


d , 0 لر‎ 
Cw = is x 106 4n. xx اوه‎ 
/ 


2 >. 2 
Ms = ATRAS t fs = MDs ESE, Fino = Tx (Ser hr DLS 1r y TE یر‎ d ip ag a 


is $1.25 DIZ lbn &ے‎ 
Cs = FLES x = PILES 


and : / 
le = دوه ون‎ 3521 4 izes = 7/79 
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Problem 3.48 
Guen; eae Neo. An Dase eee AS 


vseNec Sark as drown‏ کت 
ساسا Os USAn, SEA,‏ 


Maere pressure ads or ater 
tare Core ot Boor . 


Ena» es Eor Qe PA ٩ ue eed on 
عممه‎ uná Lane at خسغهغه‎ of Los co. 


Resho Coru and Wee of añu AE Loro aN‏ خا 
whe! viv. ond «Î‏ 


[3] 837 


We sues < eC RARA اما‎ 


x Loar dunce. c usps‏ کا بدا 3 Tum Pon‏ حم سکیا 
CNN On.‏ 


7 AR ۹. 
Bes eg procs: SAC RA 5 کې د چک‎ Sa ل٢‎ ES د‎ Cue که‎ 
Kes uN ions 1: IS. ake cu ۸ pad ' 
y ow ور سا‎ ¿e Ng pid 
Neale: We Gd Sauk اه‎ ner ok PART SS NOUS Es C 
شعلومېۍئ)‎ Gr Re XMA So Nen. SN Kc بصغ‎ 
ییک‎ AQ = x Run R= Res RAY l 
Because PAn an on Ke NET eC e heer N Pen بد‎ "٢ 
مه دمه لا‎ Ss 5 
YE Tess ure 


Q 


MAL ] هت‎ ` : EM Cx. 
وص داو د‎ = (O OS ۹ e S US gat | 


SS (Sr eA ۱ :‏ ل Rya > Blass - "Ar NUR‏ دې 
(acres ead dy‏ = > يا ANE SES and‏ 
u 2 c.‏ 
Be wee‏ 
PEERS‏ دود لص اغ اغ WE‏ 


Cay For RL = © ran Ven 
ا‎ e 1 
Kon ې‎ ١ E, = {Se مه‎ 


à ae ral Rm 
Fes de MEAS s ه٢‎ Bu سا‎ ecse + es - RANA ee 


A 
Tora En 2 
EN - > E MOSES 
ao > a 
Ñ > Ns ASA Qa ABA 1: xX. RU NS a <= wx N 
ES icu ^ = 2, * "d EN AS RS oy haz | Ws 


F de :‏ 
157 — نه سب سا 


http://librosysolucionarios.net 


Problem 3.48 [3] Part 28‏ ج 
مول مل ده - کا D For‏ 
SL Raa 4 E eral‏ می Sor XS‏ 
دو ها us MES E saka Re i (SN de‏ دہ Fis n]‏ 


Ea UN ME A S. 
Nem MÍA a rc ٢٢ 


Xa ES مده‎ 


ETIN T oaia E > ISS = ak ۷ نن‎ M SEDA 
: a کي‎ EN 


i mal as 
3 D | 
3 sn چ‎ ADAN 4 ٨١٢٢٢٢٢۰ ٢ 
te ٩ . ~ 
ke Re LA eC Fe W> قمع‎ Ces تن‎ aná Fes aS A : 
= Ma, — 
ات‎ = E NS ES S Cu لا‎ = OOD SNS Ra x RA um 


EL rian OR -‏ پل 


Fos eo e S CA Ed = NOS. PAN uice M neue او‎ E 

\ = ۱ 
EJE = | % qo eee a 6C PM. OEM [evs پل‎ Ecl aj 
‘Ss Fens) $ : د‎ E = li s = — 


cdi WU. eS e که دک سو‎ E 
bos Das Are > NN Ms 
Wee P Ne ese cs. on A و‎ ACTES Mie, t Nu 


NCTE ASE WN Sane REL GUESS. i سو‎ 
کم تیا د‎ cca es be cesan, Gore u کا‎ 
AX De d ids s OS 14 E 


PPP WS ea 


موو 
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Force ratio and line of action ratio vs. surface pressure: 


Surface Force Eine et Line of 
3 Force, Action E 
Pressure, Ratio, : Action, y' 
pa (atm) حر‎ Fe) Ratios ۳٢ 
1 y'lyc )--( 
0 1.00 25.7 1.0623 1.86 
0.1 1.59 40.8 1.0388 1.82 
| 0.2 2.18 56.0 1.0281 1.80 
0.3 2.77 71.1 1.0219 1.79 
0.5 3.95 101 1.0151 1.78 
1.0 6.89 177 1.00822 1.76 
2.0 12.8 329 1.00399 1.76 
3.0 18.7 480 
4.0 24.6 632 
5.0 30.5 783 
E 
ES 
E Force Ratio vs. Surface Pressure 
E: 
40 
t 
T 30 
چا‎ 
۷ 
S 20 
S 
o 
$ 
© 10 | 
i 
| 0 
| 0 1 2 3 4 5 
| Surface Pressure, p, (atm) 
| Line of Action Ratio vs. Surface Pressure 
| T Line of action, y' (m) 
> 
> 
| S 
T 
0 
7 Line of action ratio, y'/y ¿ (---) 
3 
«X 
'6 
£ 
-l 
0.0 0.5 1.0 1.5 2.0 
Surface Pressure, p, (atm) | 
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where Ah is height difference 


(gage) 


(gage) 


(gage) 


(gage) 


(gage) 


Pa 2 20 
Pair = —11.3-kPa 
Pp = 8.64-kPa 
Pc = 21.93-kPa 
Pair = 1.99-kPa 


Problem 3.49 


3.49 Find the pressures at points A, B, and C, as shown, and in 
the two air cavities. 


Given: Geometry of chamber system 
Find: Pressure at various locations 
Solution: 
: . dp 
Basic equation T =-p-g or, for constant p Ap = p-g-Ah 
y 
For point A PA = Patm + p-g-hy or in gage pressure PA= p-g-hy 
Here we have hi = 20-cm hq = 02m 
= 1000-28. x981-2 x 0.2.mx IC = 1962Pa 
m 5 
For the air cavity Pair = PA 7 SGgg p-gh5 where hy = 10-cm 
From Table A.1 SGHg = 13.55 
N k m Ns” 
Pair = 1962-—= - 13.55 x 1000-2 x 9.81. x 0.1-m x 
2 3 2 kg.m 
m m 5 
Note that p = constant throughout the air pocket 
For point B PB = Patm + SGgg p-&h3 where hg = 15cm 
N k : 
pp = -11300-— + 13.55 x 1000.Ê x 9.81. x 0.15-m x 
2 3 2 kg.m 
m m 5 
For point C Pc = Patm + SGyg p-g&h4 where hy = 25cm 
N k : 
pc = -11300.— + 13.55 x 1000--2 x 9.81. x 0.25-m x 
2 3 2 kg.m 
m m 5 
For the second air cavity pai. = PC =~ SGyg'P-hs where hs = 15:cm 


- 219803 - 13.55 x 1000. 7 9.81.7 x 0.15-mx ~ 5 


Pair 
m m 5 
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Problem 3.50 [2] 


3.50 A triangular access port must be provided in the side of a 
form containing liquid concrete. Using the coordinates and dimen- 
sions shown, determine the resultant force that acts on the port 
and its point of application. 


Given: Geometry of access port 
Find: Resultant force and location ۳ 
a=1.25 ft 
Lv 
— | 
<< 
: b=1ft 
Solution: 
Basic equation FR = | pdA 2 = pg ydFp = | ypdA 
y 
or, use computing equations Fr = PA 


We will show both methods 


Assumptions: static fluid; p = constant; Pap on other side 


b 
n. | paa | SG-p-g-y dA but dA =w-dy and = zd w=—y 
a a 
l b ° b SG-p-g:b:a” 
Hence Fg = | SG-p-g-y-—-y dy = | SG-p-8:—-y dy 2 oe ‘a 
a a 
0 0 
2 1 
Alternatively Fr = poA and Pe = SG-p-8:y¿ = sp 872 with A= q 
2 
Hence Fg = SG-p:g:b-a 
3 

: b 3 SG-p.g ba" SG-p-g.b-a^ 3 

For y' y-Fp = y-pdA = SG-p-g-—-y dy = y = T 
a 4 4-Fp 4 
0 
Lx bea? 
Alternativel "=y,+ and lL = — (Google it!) 
y y Yc A Ve XX 36 
, 2 ba 2 3 3 
3 36 ab2a 4 
2 
: lbf- 
Using given data, and SG = 2.5 (Table A.1) Fp = A E wa A eo Fg = 81.3-1bf 
3 کې‎ 2 slug. ft 
5 
and y= Za y' = 0.938-ft 
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Problem 3.51 [3] 


3.51 Semicircular plane gate AB is hinged along B and held by 
horizontal force Fa applied at A. The liquid to the left of the gate 
is water. Calculate the force F4 required for equilibrium. 


Gate: 
side view 


Given: Geometry of gate 
Find: Force Fa for equilibrium 
Solution: 
: . dp 
Basic equation FR = pdA EX - pg ZM, =0 
La 
or, use computing equations FR =PcA y -yc* where y would be measured 
Aye from the free surface 


Assumptions: static fluid; p = constant; Patm on other side; door is in equilibrium 


Instead of using either of these approaches, we note the following, using y as in the sketch 


uM, =0 FAR = | ypdA with p-2pgh (Gage pressure, since p = 
Patm On other side) 
1 
Fa = 2l y p:ghdA with dA=rdrd8 and y=rsin(0) h=H-y 
1 د د:‎ H R? RÍ 
Hence Fa = E | p-g-r-sin(9)-(H - rsin(0)).rdrd0 = PE, - -sin (0) — B sino)? d0 
R Jo Jo R 3 4 
Fr - pg ZER B TRI 5 2.H-R? TR 
R R 3 8 il a 8 
2 
— 1 2 : 
Using givendata Fg = 194298 «322.1 x| Ž x 25-ft x (1082 E x ,اون‎ Fg = 7.96 x 10^-1bf 
ft E 3 8 slug. ft 
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Problem 3.52 [3] 


3.52 A rectangular gate (width w = 2 m) is hinged as shown, 
with a stop on the lower edge. At what depth A will the gate tip? 


Given: Gate geometry 
Find: Depth H at which gate tips 
Solution: 


This is a problem with atmospheric pressure on both sides of the plate, so we can first determine the location of the 
center of pressure with respect to the free surface, using Eq.3.11c (assuming depth H) 


I q? 
= and Ly = ri with y =H- = 
A-yc 12 


Y—yet 
where L = 1m is the plate height and w is the plate width 
wL 


L : L 
Hence y (1-5) - (2-2) — 
2 L 2 L 
12-71. H-— 12 H- — 
2 2 


But for equilibrium, the center of force must always be at or below the level of the hinge so that the stop can hold the gate in 
place. Hence we must have 


y > H-0.45-m 
L ٩ 
Combining the two equations (n - =| + ————~— 2 H-0.45-m 
L 
124 H-— 
2 
2 2 
L . 1. 
Solving for H H < = + — پش‎ H < ER 4 TS EN H € 2.17-m 
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Problem 3.53 [3] 


3.53 A plane gate of uniform thickness holds back a depth of 
water as shown. Find the minimum weight needed to keep the 
gate closed. 


Given: Geometry of plane gate 


Find: Minimum weight to keep it closed 
Solution: 
; ; dp 
Basic equation FR = pdA EX = pg XMg = 
lx 
or, use computing equations FR = P¿:A y Yet EN 
Ye 


Assumptions: static fluid; p = constant; Pat on other side; door is in equilibrium 


Instead of using either of these approaches, we note the following, using y as in the sketch 


L 
Mg = 0 Wao = | ydF 
We also have dF = p-dA with p = p:gh = p:gysin(0) (Gage pressure, since p = Patm on other side) 
Hence = dA = gysin(0)-wd 
L.cos(0) YE L-cos(@) TEM y 
2 2-p-g.w:tan(0) E 2 2 2 
. “WwW: an 
W= e dy = —-p-g-w-L -tan(0 
sl yp 7 a y=3P8 (6) 
2 k m 2 Nos? 
Using given data W = 3 1000 x 1وو‎ x 2-m x (3-m) x tan(30-deg) x 3 W = 68-kN 
m 5 ; 
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Problem 4 [4] Part 1/2 | 


Given; Semimayhadcical trough, partly trite with walter To depth d. 


Find: (A) General expressions for Fe And دي‎ oa ead of trough, if open 
to atmosphere, 
(b) Plots of resurts US AR ter 0< Ayes. 


Solution: Apply basic tequahons fur hydostarres of incompressible او‎ 


Computing equahons: for fh fk? y Ju" Ye" 1 Y PdA 


ASSUMP hoas: (0) State ligu (d 
(2) م‎ constant 


=pgh =Pg[y-CR-9)]‏ مھ 


“FER A (35) pp (eso -esa 


h=y-(R-d) 


d d = 2£ d = 4 
dA = کا‎ dy )کد‎ dy; Y = Rosg هوه‎ Raaj d 


۸۹7 
dy = - Resines 


A Ur = 2:9 
R 
PR +) هه‎ da Ji PER (cose (اهدهه-‎ ZR Sn )- ۶ کل (ود رد‎ 
Kd Ria : 


.The ned lm lt are y aR >Q =p and y*R-d >O =< so 
4 e 
Fe - ege? | E SITO OSG 4 SITO COSA ) do = 229K rads -SA bla) AG 


e 
= 2 db e s 15 = E - 1 
دم په‎ [ag-se] - |د وم2‎ sa seco] 


R K 
Y Fe p yp ur de ae Rosh POR (Cos -cosx ) 2 £5, ول (وم, دم‎ 


A په‎ 
= erg ۷) 2:٤9 ئو و‎ (Lo18-- Cos) ay = 22 ref (sin Oto stp — Losa S brasa) دل‎ 


209 K | F 2. ) caer 


Y Fe > 2 pare [Lc Sg tay - das x Gia) 


and 


IF‏ ۶د 
or / = 2 &‏ مسب pla‏ 
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: 
3 
t 


Problem 3.54 M] Part 2/2 


Resultant force and line of action on end of semi-cylindrical water trough: 


dIR a (rad)  a(deg)  FapgR? y'FripgR* y UR 
0 0.001 0.08 7.54E-16 7.54E-16 1.000 
0.05 0.318 18.2 0.000419 0.000410 0.979 
0.1 0.451 25.8 0.00236 0.00226 0.957 
0.2 0.644 36.9 0.0132 0.0121 0.915 
0.3 0.795 45.6 0.0360 0.0314 0.873 
0.4 0.927 53.1 0.0730 0.0606 0.831 | 
0.5 1.05 60.0 0.126 0.0994 0.790 | 
0.6 1.16 66.4 0.196 0.147 0.749 | 
0.7 1.27 72.5 0.285 0.202 0.708 . 
0.8 1.37 78.5 0.392 0.262 0.668 | 
0.9 1.47 84.3 0.520 0.326 0.628 : 
1.0 ` 1.57 90.0 0.667 0.393 0.589 | 
1.0 
0.8 
ك‎ 0.6 
a 
Q 
8 
uL 
0.4 
0.2 
0.0 سب‎ 
0.0 0.2 04 giR 06 0.8 1.0 
1.0 
0.8 
0.6 
& 
ES 
0.4 
0.2 
0.0 
0.0 0.2 04 gig 08 0.8 1.0 
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Problem 3.55 [1] 
3.55 For a mug of tea (2% in. diameter), imagine it cut sym- 
metrically in half by a vertical plane. Find the force that each half 


experiences due to a 3-in. depth of tea. 


Given: Geometry of cup 


Find: Force on each half of cup 
Solution: 
: , dp 
Basic equation FR = pdA di = pg 


or, use computing equation Fp = p- A 


Assumptions: static fluid; p = constant; Pat on other side; cup does not crack! 


The force on the half-cup is the same as that on a rectangle of size h = 3-in and w = 2.5-in 
FR = | pdA = | pgydA but dA = w-dy 
h n? 
Hence Fr = Í p:gywdy = BEN 
0 2 
h : wh 
Alternatively FR = PA and Fg = Pe = pg yA = د‎ hw = بي چو‎ 
1 slu ft 2 (|f mrs 
Using given data Fr = د‎ ia x32.2.— x 2.5-in x (3-in) x x Fg = 0.407-1bf 
کې‎ = 12-in slug: ft 


Hence a teacup is being forced apart by about 0.4 Ibf: not much of a force, so a paper cup works! 
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ES 


Problem 3.56 
¡EH پا دف کي‎ Sepa. of or 


line‏ و Ra Nog S 0.3 p‏ که Ne and ٢ ed‏ هه 


ws Weceked wi Pere sion EE 
we of a Sawn MOL Ce Da 


CONS 


¢=0.25m a=0.4m 


Rink. Le PAR LAN alo: o Sed EN 
o Neo Ve aa > l 9 


O 


Ma: e naite cues Re e oC conc sete da GQ otto 
په مش‎ 


f f په‎ 
ESTOS Lo os MAD, چک‎ A $ Ya ¡ES " 2 NN 
MESURE 1 UM Dore ua RA SERAN Y 


¡CJ RON sis اک له‎ E eye. Ah on Ye 
CN S Sa of A GANAS. 


AL = Sa TOR Ra ENS NS oa 
vs Sa R= ÚS Ls We & \ 
Ei ml A= یه‎ 


Moments abut Ye SNE = qe‏ وسم 
۹ = چ ٢ AR‏ ود ۳ ice dE ETA P‏ 
tS‏ اه SoS‏ 


cc EEN‏ $ دب = er ps‏ مها eX‏ سو Qs‏ نا 


چا 
NA = a ES G v US SEEN an Es SS conc ERES‏ 


fum e RY ۱ We der Led de ES A 
NS is S NS " m St (ys pas] 
E EN Gee E y (om sod — Loa Gt 
pe بو ونو‎ : 
Sega WM. SNL SENNA Oe 


Sois NN E = SG eoe NI se eam ~Vede ae 
‘= Rag = A OS Re LAA RNA OA 
چب مه کي کې‎ | 


à Cane 
For ssoMn (C= 6.0. s a-t ONDA ی هې‎ 05 


ESA Gra A NN NS Nas a ae یو‎ o م.‎ 5 
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E د چې‎ 
É evel" 


^ Ou A 
Fy= WS Vx ss e x ٢٢-٢٢ ts د‎ yee EN 


1.0 


0.8 


Problem 3.56 


Ne ies Se carddiions Za 


RES 


Ces 
Bon 


19 


= N~ 


هه 


ela 


TYE WN © 


۱ Sisa à= (o OE < 


And 


Su cea NN 6 os QN ea. صصلۍئاً‎ 


Hinge force vs. concrete depth ratio: 


Depth Depth Force 
Ratio, Ratio, Ratio, 
cla (---) dla (س)‎ FIF max )--( 
0 1.0 0.0000 
0.1 0.9 0.0019 
0.2 0.8 0.0144 
0.3 0.7 0.0459 
0.4 0.6 0.102 
0.5 0.5 0.187 
0.6 0.4 0.302 
0.625 0.375 0.336 
0.7 0.3 ` 0.446 
0.8 0.2 0.614 
0.9 0.1 0.802 
1.0 0.0 1.000 
Force Ratio vs. Concrete Depth Ratio 
1.0 
~~ 8 
uw 6 
یا‎ 
5 
E 04 
8 
6 
غا‎ 02 
0.0 emm 
0.0 0.2 0.4 0.6 
Concrete Depth Ratio, c.a (---) 
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Problem 3.57 [3] 


3.57 Gates in the Poe Lock at Sault Ste. Marie, Michigan, close Plan view: y 
a channel W = 34 m wide, L = 360 m long, and D = 10 m deep. 
The geometry of one pair of gates is shown; each gate is hinged at 
the channel wall. When closed, the gate edges are forced together 
at the center of the channel by water pressure. Evaluate the force 
exerted by the water on gate A. Determine the magnitude and di- 
rection of the force components exerted by the gate on the hinge. 
(Neglect the weight of the gate.) 


Given: Geometry of lock system 


Find: Force on gate; reactions at hinge 
Solution: 
; ; dp 
Basic equation FR = pdA m =pg 


or, use computing equation FR = Pe A 


Assumptions: static fluid; p = constant; Pat, on other side 


The force on each gate is the same as that on a rectangle of size h=D=10m and w سپ-‎ 
2-cos(15-deg) 
h p? 
Hence Fr = Í pgywdy- pu Ww 
0 2 
h id 
Alternatively FR = pc A and FR = poA = pgygA- و‎ hw aP T 
1 k m 34-m 2 Nos? 
Using given data Py ==1000 ووي ګګ‎ E —— yx» Fp = 8.63-MN 
2 e E 2-cos(15-deg) kg.m 
For the force components R, and Ry we do the following 
XM, .= 0 = Fp: — F,-w-sin(15-deg) Eos FR F, = 16.7-MN 
hinge وکا‎ B B D ^ 2.sin(15-deg) Bv 
XF, = 0 = Fg:cos(15-deg) - Ry = 0 Ry = Fp:cos(15-deg) R, = 8.34- MN 
2Ey =0= -Ry- Fp:sin(15-deg) + Fq = 0 Ry = Fp- Fp:sin(15-deg) Ry = 14.4-MN 
R = (8.34-MN, 14.4-MN) R = 16.7-MN 
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Problem 3.58 
نتا‎ Aq هم‎ concrete. is 
ANOS SIRE TONÎ 


اا سو S‏ یت “Ne‏ 


Ed um ته‎ Sora on 
S ې وا‎ apikan 


Fes LA ¡CESE > ge RE E ISSN na , 
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Sauk xon A 


a‏ اکا یا 


Problem 9 [2] 


Gare: eer as Shaun wn We E p Mi 
Frown ما‎ rde * رط‎ Br we MN Na pid cos SS 


F 
A | 
p = 100 Ibf/ft? (gage) P | | 


L=3" 


E: Ea : 
i u 1 | 

bes Liquid, y= 100 Ibf/ft j 

7 | 

Dx Free-body diagram of door : 
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RESET i 
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Problem 3.61 [1] 


3.61 What holds up a car on its rubber tires? Most people would 
tell you that it is the air pressure inside the tires. However, the air 
pressure is the same all around the hub (inner wheel), and the air 
pressure inside the tire therefore pushes down from the top as 
much as it pushes up from below, having no net effect on the hub. 
Resolve this paradox by explaining where the force is that keeps 
the car off the ground. 


Given: Description of car tire 


Find: Explanation of lift effect 


Solution: 


The explanation is as follows: It is true that the pressure in the entire tire is the same everywhere. However, the tire at the top of the hub 
will be essentially circular in cross-section, but at the bottom, where the tire meets the ground, the cross section will be approximately a 
flattened circle, or elliptical. Hence we can explain that the lower cross section has greater upward force than the upper cross section has 
downward force (providing enough lift to keep the car up) two ways. First, the horizontal projected area of the lower ellipse is larger than 
that of the upper circular cross section, so that net pressure times area is upwards. Second, any time you have an elliptical cross section 
that's at high pressure, that pressure will always try to force the ellipse to be circular (thing of a round inflated balloon - if you squeeze it it 
will resist!). This analysis ignores the stiffness of the tire rubber, which also provides a little lift. 
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Problem 3.63 [3] 


3.63 As water rises on the left side of the rectangular gate, the 
gate will open automatically. At what depth above the hinge will 
this occur? Neglect the mass of the gate. 


Given: Geometry of rectangular gate 


Find: Depth for gate to open 
Solution: 
; : dp 
Basic equation — = pg XM, - 
dh 
Computing equations Fp = p.-A '"-yoc ES Los b 
R= Pc Y < Yc AY xx" 7i 


Assumptions: static fluid; p = constant; Patm on other side; no friction in hinge 


For incompressible fluid p-2pgh where p is gage pressure and h is measured downwards 


The force on the vertical gate (gate 1) is the same as that on a rectangle of size h = D and width w 


D 
Hence Fi E poA = رع م‎ = pgz Dw = 


The location of this force is y = y + — 


The force on the horizontal gate (gate 2) is due to constant pressure, and is at the centroid 


F2 = p(y = D)-A =p-¢Dw-L 


L 2 
Summing moments about the hinge =Mhinge= 0 = -F4 (D - y) + m = [o - 5 + E 


2 
D pgwD D L L 
Few E A Soe Dawe 
13 2 3 27 8 2 


6 2 
D -43.L = (3x 5ft 
D = 8.66-ft 
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Problem 3.64 [3] 


3.64 The gate shown is hinged at H. The gate is 3 m wide 
normal to the plane of the diagram. Calculate the force required at 
A to hold the gate closed. 


Given: Geometry of gate 


Find: Force at A to hold gate closed 


Solution: 
: ; dp 
Basic equation — = pg XM, - 
dh 
Computing equations Fp = p.-A "=y,t ES I wi 
R 7 Pc y = Yc AY xx“ 7i 


Assumptions: static fluid; p = constant; Pat on other side; no friction in hinge 
For incompressible fluid p=p-gh where p is gage pressure and h is measured downwards 


The hydrostatic force on the gate is that on a rectangle of size L and width w. 


L 
Hence FR = PA =p-gh-A = pefo + sino deg Lw 
kg m 3, . 
Fg = 1000-— x 9.81.— x | 1.5 + —sin(30-deg) |m x 3-m x 3-m x Fg = 199-kN 
3 2 2 kg-m 
m 5 
lxx 
The location of this force is given by y' = Yo + EUN where y'and y are measured along the plane of the gate to the free surface 
“Ye C 
D L 1.5-m 3m 
VG چو وچ ې ې چک‎ ES کي چيا‎ y = 45m 
sin(30-deg) 2 sin(30-deg) 2 
I 3 2 2 
L 1 1 L . 
Y =Y¿+ == c M———— ct asm. C. y' = 4.67m 
AY 12 wL yo 12-7 12.4.5-m 
Taking moments about the hinge XMry = 0 = F : a Fr -L 
H Ri"  dn(30deg) ^ 
(v D NN 15 
sin(30-deg) l sin(30-deg) 
FA = Fg Fy = INL FA = 111:kN 


http://librosysolucionarios.net 


A | 
OR | 


ا 


Ne لی‎ e 


CNN UOI EE 
SAS 3 


a> 
we. o 


Problem 3.65 


Cer. * E د د‎ Near WV 


cos of ade کا‎ 
uo, ST 


0 x 
ده د‎ Mw «qy ee o 


Fdo, Weber dag NA, a. 


E | iran MT RA = T 
IN os RAS کل‎ A د‎ E 
: ٢ 
zae i Wet QUOS, D wera sya کم یچی د دي‎ 

QU Par acks لم‎ Cur هی کټ‎ ord on 


ot as‏ فل لن 


k ec Cm N AEN AR = pads S ts UN P= Ray 

à à | 

NL. ٢ = RANS We = f. WC * nd | 
تیا که‎ | 

Sax KA e ES] AS | 
1 ES حا‎ r Gree: N So \ AS له‎ 

a» Lo ES ~ a 5 NS m ON E a او‎ TERS 
ELS = è es, FON | 
S7 هتا که‎ Cae ` d LC Ree 
ME )د‎ & NE Zane à a ي‎ tà | 

“AREN RU 7 LRXe `° bane ae‏ وټم پل 


CONRAD MSAN RA om 
pot = Wu ( اما‎ Nes 
z Ton u (Sig s 
"ها‎ 
«Eo 2 
yt, dea WM 
SS 


=> 2 € 
+ =x SAL 
o Ss tu ka, T 


land = 


a 2 


xp d 
e 3 


A 
Ya ۳ 


http://librosysolucionarios.net 


és 


Problem 3.66 [4] 


3.66 A solid concrete dam is to be built to hold back a depth D 
of water. For ease of construction the walls of the dam must be 


planar. Your supervisor asks you to consider the following dam 
cross-sections: a rectangle, a right triangle with the hypotenuse in 


contact with the water, and a right triangle with the vertical in 
contact with the water. She wishes you to determine which of 
these would require the least amount of concrete. What will your 
report say? You decide to look at one more possibility: a nonright 
triangle, as shown. Develop and plot an expression for the cross- 
section area A as a function of a, and find the minimum cross- b 
sectional area. 


ab 


Given: Various dam cross-sections 
Find: Which requires the least concrete; plot cross-section area A as a function of a 
Solution: 


For each case, the dam width b has to be large enough so that the weight of the dam exerts enough moment to balance the 
moment due to fluid hydrostatic force(s). By doing a moment balance this value of b can be found 


a) Rectangular dam 


Straightforward application of the computing equations of Section 3-5 


yields 
Fy = Pe A =p-g—wD=—-p-gD-w 
: Lx D wD? 2 
cie scs 
Yc 12-w.D.— 
so =D-y = B 
y y 3 
Also m = Pcement SP’ D: w = SG-p-g-b-D-w 
; b 
Taking moments about O Dy Mg = 0 = -Fy y +> mg 
i 2 
1 2 D b 
G او ) 8م‎ 
Solving for b b= p 
y 3۰5 6 
p? 
The minimum rectangular cross-section areais A = b-D = 
y 3:SG 
p? D? 


For concrete, from Table A.1, SG = 2.4, so A= A= 0.373-D? 


3.56 3x24 
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a) Triangular dams 


Instead of analysing right-triangles, a general analysis is made, at the 
end of which right triangles are analysed as special cases by setting a 
=Oorl. 


Straightforward application of the computing equations of Section 3-5 


yields 
Fy = Pe A = pg wD = —-p-g-D -w 
La D ٧ p? 2 D 
y = Ye + — 3H = 
4 Yc 2 39d. 3 
2 
, D 
so y= D- y= E 
-b-D 1 2 
2 2 3 3 
For the two triangular masses 
1 1 2 
mı = 7:SG-p-g:Q:b-D-w xy = (b-ob)-—obzb|1 M 
2 3 3 
1 2 
m, = g OPEL — a): b-D:w X) = at - a) 


Taking moments about O 


Y Mo, =0= Fury t Eyx | m1:8'X1 +Mp9°8°X9 


1 2 ۱٥ fi a 
so -| —-p-g-D°-w |-— + | —-p-g--b-D-w lb|1-2]... =0 
eee) 


1 2. 1 2 
+ ۹ اد‎ E zo) + ET - sow dad - 0) 


Solving for b b= B 


ao - e + SG-(2 — a) 
For a right triangle with the hypotenuse in contact with the water, a = 1, and 


D D 


SS e b = 0.477-D 
43-1«SG j3-1+24 


The cross-section area is A= M = 0.238-D? A= 0.238-D? 


For a right triangle with the vertical in contact with the water, a = 0, and 
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b = 0.456-D 


A= 0.228-D” 


2 
D 
A= 


23. = 77 + 2.4-(2-Q) 


A= 0.226-D* 


23. = 3 + SG-(2-Q) 


b= - 
2:SG 2.2.4 
The cross-section area is A= PD - 0.228-D? 
2 
| b-D p? 
For a general triangle A= = 


2 


2 
D 


24 4.8 + 0.6: - or 


From the corresponding Excel workbook, the minimum area occurs at a = 0.3 


The final result is A= 


p? 
Amin = > 
244 4.8 + 0.6 x 0.3 — 0.3 


The final results are that a triangular cross-section with a = 0.3 uses the least concrete; the next best is a right triangle 
with the vertical in contact with the water; next is the right triangle with the hypotenuse in contact with the water; and 


the cross-section requiring the most concrete is the rectangular cross-section. 
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1.0 


[4] 


Problem 3.66 


3.66 A solid concrete dam is to be built to hold back a depth D 
of water. For ease of construction the walls of the dam must be 


planar. Your supervisor asks you to consider the following dam 
cross-sections: a rectangle, a right triangle with the hypotenuse in 


contact with the water, and a right triangle with the vertical in 
contact with the water. She wishes you to determine which of 
these would require the least amount of concrete. What will your 
report say? You decide to look at one more possibility: a nonright 
triangle, as shown. Develop and plot an expression for the cross- 
section area A as a function of a, and find the minimum cross- 
sectional area. 


ab 


Given: Various dam cross-sections 
Find: Which requires the least concrete; plot cross-section area A as a function of o 
Solution: 
The triangular cross-sections are considered in this workbook 
D` 


The final result is A= 


2448 -م06‎ o? 


The dimensionless area, A/D A is plotted 


Dam Cross Section vs Coefficient a 


N 
Q 0.240- 
= 
< 
d 0.238 4 
= 
< 0.236 | 
N 
YN 0.234 4 
2 
c 
9 0.232 4 
[77 
© 0.2304 
o 
E 0.228 4 
a 
0.226 4 
Solver can be used to 
5 a 0.224 T T T T T T T 
find the minimum area 
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 


ic: 
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Problem 3.67 [3] 


3.67 A long, square wooden block is pivoted along one edge. 
The block is in equilibrium when immersed in water to the depth 
shown. Evaluate the specific gravity of the wood, if friction in the 
pivot is negligible. 


Given: Block hinged and floating 


Find: SG of the wood 


Solution: 
; : dp 
Basic equation — = pg XM, =0 
dh 
Lx 
Computing equations FR = p: A y = y, + 
AY 


Assumptions: static fluid; p = constant; Pat on other side; no friction in hinge 
For incompressible fluid p-2pgh where p is gage pressure and h is measured downwards 


The force on the vertical section is the same as that on a rectangle of height d and width L 


2 
d -oL-d 
Hence F = هع م = ھم‎ = PBS aL = eo 
I ae 
The location of this force is y'= Yc + E e d Ld E x 2 = 2d 
Aye 2 12 Ld d 3 
The force on the horizontal section is due to constant pressure, and is at the centroid 
F> =p(y = d)-A = p-ed-L-L 
, ; L L 
Summing moments about the hinge =Mhinge= 0 =-F,-(d-y) EG MeS 
2 L 3 L 
Hence F,-|d—-—-d|+F5-— =SG:p-L -g.— 
1 | 3 2 Panig 
4 2 
SG-p.g.L gLd d L 
2 2 3 2 
3 
d 
3\L L 
1/05 ? 0.5 
SG == | += SG = 0.542 
3\ 1 1 
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Problem 3.68 [2] 


3.68 For the geometry shown, what is the vertical force on the 
dam? The steps are 1 ft high, 1 ft deep, and 10 ft wide. 


Given: Geometry of dam 
Find: Vertical force on dam 
Solution: 


dB 


Basic equation = 
dh 


p:8 


Assumptions: static fluid; p = constant 


For incompressible fluid P = Patm 8 where h is measured downwards from the free surface 


The force on each horizontal section (depth d = 1 ft and width w = 10 ft) is 


دد د + ( F=pA=‏ 


Patm 


Hence the total force is Fy = [Patm (Patm p-g-h) (Patm p-8:2:h) - (Patm - p-3-8:h) - (Patm - p-8:4:-h) dew 


where we have used h as the height of the steps 


Fy = d-w:(5-Patm + 10-p-g-h) 


2 2 
lbf (12i 1 ft lbf- 
Fp = 1-ftx 10-ftx|5x ag lee) ao ee ag 
in t E slug: ft 


Fp = 1.12 x 10"-Ibf 
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Problem 9 [2] 


3.69 For the dam shown, what is the vertical force of the water 
on the dam? 


Front Side 


Given: Geometry of dam 
Find: Vertical force on dam 
Solution: 


BE - 


Basic equation = 
dh 


p:8 


Assumptions: static fluid; p = constant; since we are asked for the force of water, we use gage pressures 


For incompressible fluid p=p-g-h where p is gage pressure and h is measured downwards from the free surface 


The force on each horizontal section (depth d and width w) is 
Hence the total force is (allowing for the fact that some faces experience an upwards (negative) force) 


Starting with the top and working downwards 


2 
k N. 
Fp = 1000. x 981.7 x Lm x [(1-m x 4m) + (22m x 2-m) - (3m x 2-m) - (4m x 4-m)] x > 
m S kg 
Fp = -137-kN 


The negative sign indicates a net upwards force (it's actually a buoyancy effect on the three middle sections) 
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Basre way eS ons: Sn + ES y Fy SEEN : KE ¡CENA‏ 
Adu Wa ys IN e cene es.‏ ها Ass NS‏ 


DP añ c Qa. نما‎ asa ond oh 
| O تو پد‎ 


Ken on aros AR = الم‎ y we ASEN R= SAN 


E 
E JS S Tam, - NON هه که‎ SA = vow de ae ARS 
ty, a , f «la = 
k Fy = Cras GN هې‎ weds = لام‎ So (eo Gud 6 که‎ 
o 


= . e 7 
VT ته دم‎ \- Lose ان و‎ M eus ES i-es = Xo «ed 


UN 

REL يا سا کول‎ I e ee SGA Raw S 5G= 23 EPON AN 
i. 
I د‎ MS“ cooks LALA 4, O Beye aran lao Y 4 a 
pec a> «Y 

ELE O RNA S, Ya 


y 2. A Aa Y 
AR = م څوم‎ ( 5 Cand - en جخ‎ = Rakes ( R cese ane < 
a , s د د‎ E a 
= کم‎ MM X Cans cos Sc be v اسم‎ > - ES 


E => ۴ لی‎ : Nes OARA 
M x = En d = im = A 
to Fy = * اکا څم‎ ER ېاک )عا‎ 


iN 
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Problem 3 2l 


| Gwen: Gee. formed ^ Ke Sog e a 

| crakear ara has wd of w mer, E 
| ga Ss ۳٣ 2 deg wek سا‎ 
| 


Find : Cay noanlude and discern of um ند‎ 


l / 
EEANN قسف سا یه‎ dudo hide d 1۱ E We 
واه‎ on Ke añ S At d 


do) Mns et SO es o£ OOM 


VIS et e essen G 


E SAS en d 


3 so E m às : 
AC eques b.m SIS a Bs iw CASE 
j e 
| Mssumpliass : oy adhe Houad 
es = canslork 


| (B a (6 mensure d per ee. غھ‎ ٢ ee do ARR کدئ‎ {osa 


| V Lo = (ar x له‎ UMS - (Fak ane = = (sae vaX AS 


a 


A 


P | 
Du 


i Le cam aback CAEN چیه تر .د و سه‎ E: os a pee ex A 
dv 


Lm په‎ vele sehn 


S ite Sese SA ٢ $ €55 € o.c s A e Kea sust oct. and Qu M e. Aix AM 


| of Pre q, a We SO ES ce د دمه‎ fat Ri Pe RAA | 
l نفد‎ e. £s هغه‎ Ot We olx. SS | 
| Ss ER R SNe $ oe e Tu can همه‎ 

| e ~ad 

| Vink د‎ a re Su s| ځا‎ 

| Fe. د‎ 2m Rano wk de = SERES Ñ ane de = ES ca لت‎ 


| ۹7 


| uis يي‎ AS ی‎ ERES ON 
l s deneni of Sus face area چه‎ Me Sexes ES od s ونتف‎ Ro | | 

on شن‎ each Ae Mas a ne, bes acuer po ^ We COS XC, MA 
o A, Be Lae of alien of ات‎ madd des مه ما‎ doe . 


ټم" 


Me car {ned We د‎ of odie ot ۴ پا‎ vec NP OR Wa. 
P Sh walk 
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& U 
lo We Suan ÁS AS OR cece Dees "که‎ 
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: ae f 3 EN ER 
Fe = . Reos® pq Ran LRAS tne = =. وو‎ ( &^ ecce dE 
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Problem 3.74 


Guen: Open Nao o Soon 
mal of cursed our lau هدک‎ 
Find د‎ ura Loves compre ود‎ 
cem cussed suslou 


NS We. کی‎ OG. ens. of Faa 


Seen. T B 
—— ~~ 2 = m; p 3 چس‎ 
Dos eq Lions 8 Ye = سا‎ (RAR Sn * x cS Ta w ( & «ax =~ ( € x PAR 


aN Ae Norê‏ صاچحننوڅ؟ 
ss Na ‘bed Loree‏ ېږ کی کی 
Sl ee a y |‏ اقا 


Uv w VS ۸ه ه۳۳۵‎ gos uue Saas û 


Kreg Ens ees.‏ کی 


Vege Fa. = - (Pda. = په ددج)-‎ SS dx 
Nod com oan an ee Lor E as a ees of 
S 
چو‎ Xo de Xd kel AR = RE Y dy = = 
Sha Aeneas مهم‎ Qressuse ods A Re on sucios. ana an Be AMAN of 
Re غين‎ Me d. &us هوک‎ Men مه چچه دو‎ eres Lor چ‎ e Roa = Ky 
WS us 
کلک و "کان و‎ ٠ 
نا‎ = A Wedd = A M SENS Ah. || د د‎ Sus هغه‎ a Qè- eN :2 and bo 


= 


1 e ۷ . AN 
واد‎ 7 NA په‎ WELES $ lr + o ascen چ‎ | 
=-Yp aS = m (e arcan 5 4 a Q> asan o = UR Se s د1‎ A 


X 
= -YR ا‎ - «tk 
V. = lan M iok +, ET RE غه اټ‎ UR NEC ST RE S 
3 H a y 
HR AS = AA x UN = (AL x CRON RY = - ML Reas Y 
* Ya a = E ps 
=” EN CAN Sac e C )لم‎ SS pr A Ali RINA ba 
EN 
B5 se Lt * iX SY = E p ES a uU -& 
a a * 3 
3 
gg یا غاستا‎ A H ICI EY 
Lo bee کم‎ ML 2. ES 
\ 
AC = S.A fx. zl x ex + 
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ېه‎ 
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sd 
= کم‎ ÈA- SAD) -as E GM n 11 SS 
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4R/3 7 
«—3» 


Weights for computing Fy 


p-2pgh where p is gage pressure and h is measured downwards 


Problem 3.76 


3.76 A gate, in the shape of a quarter-cylinder, hinged at A and 
sealed at B, is 3 m wide. The bottom of the gate is 4.5 m below 
the water surface. Determine the force on the stop at B if the gate 
is made of concrete; R — 3 m. 


Given: Gate geometry 


Find: Force on stop B 


Solution: D 
: : dp 
Basic equations lomo 
: dn e 
uM, =0 R 


ES 


Assumptions: static fluid; p = constant; Patm on other side 


For incompressible fluid 


We need to compute force (including location) due to water on curved surface and underneath. For curved surface we could integrate 
pressure, but here we use the concepts that Fy (see sketch) is equivalent to the weight of fluid above, and Fy is equivalent to the force on 


a vertical flat plate. Note that the sketch only shows forces that will be used to compute the moment at A 


For Fy Fy = W¡ - Wo 
ith k N: 
his W] = p-g-w-D-R = 1000.Ê x 9.81-% x 3.m x 4.5-mx 3-mx — W = 397-kN 
3 2 kg.m 
m S 
nR k: m T 2 ut 
Wy = p-gw-——— = 1000. x 9.81. x 3-mx E x (3-m)* x W, = 208-kN 
n 3 2 4 kg-m 
m 5 
Ey = ٧٧-۲٧ Fy = 189-kN 
with x given by Fix =W E Ww iin Or x= WIR 4R 
V و1‎ 53m F.2 F, m 


"NICO 20 هه‎ T x = 1.75m 
189 2 189 3m 


For Fy Computing equations Fg = pc A y = Yet 


Aye 
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R 
Hence Fy = Pe A = لت د‎ 


k m 3-m Nes? 
Fg = 1000-9 x 9.81-— x | 45m 22 | x 3-mx 3-mx Fg = 265-kN 
3 2 2 kg-m 
m 5 
The location of this force is 
; Lx اچ‎ wR? 1 8 R^ 

y' yet =|D-—|+ — × = D- — + 
Ay 2 12 R 2 R 
C w-R Te 124 D-— 
2 2 

2 
3. 
y- ea LL OI e y = 325m 
3m 
12 x | 4.5-m — — 
2 
The force F; on the bottom of the gate is F = p-A = p-g-D-w-R 
k m Nes? 
F, = 1000. x 9.81-— x 4.5-mx 3-mx 3-mx F = 397-kN 
d E kg-m 


For the concrete gate (SG = 2.4 from Table A.2) 


2 2 
TCR kg m T 2 ] 
W, = SG-p-g-w-—— = 2.4.1000. — x 9.81.— x 3-mx — x (3-m) x W, = 499-kN 
Gate PEW 3 2 4 (3-m) kgm Gate 
m 5 
H ki bout A S E 
ence, taking moments about Fg:R + — WGate 3 Fyx Fy ly (D-R)] =0 
4 x [y - (D- R)] 1 
FB = cc eua p Evt ou a 
4 1.75 3.25 — (4.5 - 3 1 
Fg = — x 499-kN + x 189-kN + ARSS x 265-kN — — x 397-kN 
3m 3 3 2 
Fp = 278-kN 
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Problem 3.77 [B | 


Guen: 


“Vorter ase غه‎ Maa 


Find Ei A de ES ca 
m Re ake 


Width, W = 334 


چه 
sa‏ "په 


SAS LON. 


Basic equelions 2 dv FOR 
9 Assumdiions + A شه‎ Mud 
EE QN = cons 
- مد دحا‎ e^s e Gee surface oes on surface Le 
3$ e CORAN. : ( کا دون‎ n A. - se = gatare 
: OF = OF وم‎ = PAR coso gae sente “ÁS cose ESE 
t Tas ‘ نن‎ = Y Xe »غه‎ case de دو‎ sde is 29 
Nos SS 5 & e cese de = S \ os at = 
Na bra Reds cipi pus د‎ 5 M 
dE, = AF awe = PAK de = paras M e sun e J 
که‎ eme X [C are de = عم‎ ES ao 
Fy = PASE” AS- e = O. MAD» DS 
Fy OO». BAN Xe, ie MCN * e TR aks 


t ONG 
= NuIAKu.. 
3 | 
X. Owe, ANA 
Qoss 


PE 


CQ EN Ye 


عم 
NN‏ 


کم 


X ande c 
a ` 


ېټپ 


Te nd ON ee کک دب‎ Re WOR چا‎ OW 


os e 


AAG‏ مو وې په 


Na 


x 
o = M = 


A 


Fe rame EN 
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Srita Re 
crcekas os 
Wane of oA o 


< euo a 


oÑ 


E yla 
Fae Le us 5 |o s Gas | x 
AN 
= E 


RE Problem 3.78 [S] ne 


Gen: نوا‎ ۹ uer re OE Qs ES 
\ A بيان‎ v as ee 
Vape NOS Net 


ee s Magn bude ond. ae gee ot cesa ani 


ex user an We woe AC‏ هځ 


| Dis ES 
| Poste eq uilans Do. CRA Se, > S | 
| Rss همد‎ ns cto ue e. Shad | 


we = constant 


LES د‎ CS yeeasuredd pose eats Fean kree Sant lore. 


Vau = (om Fa = (dF. (RARA = (Pan casino rel = (ves seo .‏ ادد 
a ^ > on i‏ 
(rab j 3 - D |‏ - د (Ex‏ رکد =o] > (a=‏ 
i | ey |‏ 
| غه وم Fp 3 PESAS and EL EN "UR‏ | کې 

po nl 


| Me can Soin ON دک کرو‎ fer R os a پا کے هلما‎ 
X 
A PRIS OR = د‎ 
= = Re Avs eh and i O Re 


Sece Anos gres ML SS €5 که دون‎ DE She Cae sedia LSe cedes and 


EN 


OR £ Aree Sati aces 1 We. سل دوو ده 1 اغ )ې چه‎ fos ٣ MS Ve dw 


Foc AN 
| otet SS ګل دا‎ = S uses and. ence FP, = ea cos e) | 
| : | 
۱ «tot Ed X Rar - V ues Y and ences Nix 2 م‎ ces 8 
| oly a l S ند‎ l 
| Ta = ( PUR one ce m V Wace} LR awe Ag + ( C~pak.cos® SLR gine ác | 
| Ay o le S د د‎ A, 


i * 
: t jM & 1 
i 5 pao 7 Qe cest y suo de “Rae | 1 Cobh BAD AG 


y 3« - نه‎ 
d DU WI E CRT eee CPC. 
os ere e کح‎ - LIR- je Z2DE LL 
q ع‎ Los O "S L uo Gi ES i e E 2 | 2A 
٣ = د‎ Me AA LAS e ulna AS وه ږ‎ ٤ 
; e po ge 8۳ 
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| EN <€ . iv " 
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« S 


ò p 


| یا‎ ae - 
l s = o Mine + ایم‎ he | 
| i 
| o [0.5 چد اچ‎ | 
A پد اوي دام‎ 
i Cu LC CS Wel et ۹ د له‎ 
| Fe, جح‎ de amada as MO Rin SL a b 
à A wo Te ect 
^ » 2 Pe e f S I 
Ve. = po * SF ey = WEL 4 yey | LN | 
ll wet LN 5 | 
V. \ we. Fe = 1٢ dal ka 330 kn Ta 
m e 
i . E = E ] 4 د‎ 
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Problem 9 [4] 


3.79 Consider the cylindrical weir of diameter 3 m and length 6 
m. If the fluid on the left has a specific gravity of 1.6, and on the 
right has a specific gravity of 0.8, find the magnitude and direction 
of the resultant force. 


Given: Sphere with different fluids on each side 
Find: Resultant force and direction 
Solution: 


The horizontal and vertical forces due to each fluid are treated separately. For each, the horizontal force is equivalent to that 
on a vertical flat plate; the vertical force is equivalent to the weight of fluid "above". 


For horizontal forces, the computing equation of Section 3-5 is Fy; = p. A where A is the area of the equivalent 


vertical plate. 


For vertical forces, the computing equation of Section 3-5 is Fy = p-g:V where V is the volume of fluid above the 


curved surface. 


kg 


The data is For water p = 999 A 
m 
For the fluids SG, = 1.6 SG, = 0.8 
For the weir D = 3-m L = 6m 
(a) Horizontal Forces 
D 1 2 
For fluid 1 (on the left) Fg1 = شن م‎ = Py -D-L = 7 SG PED -L 
1 kg m 2 Nes? 
Fry, = —-1.6-999-—-9.81-—-(3-m) -6-m- Fu = 423kN 
Hi jm (3m) en H1 
DID 1 
For fluid 2 (on the right) Fg? = PA = (me) ox = ۹:٢ اپ‎ 
1 kg m 2 Nes? 
Fr) = —-0.8-999-—-9.81-—-(3-m) -6-m-—— Fry) = 52.9kN 
H2 = 3 pe (om) T H2 
The resultant horizontal force is Fy = Fai - FH? Fg = 370kN 


(b) Vertical forces 


For the left geometry, a "thought experiment" is needed to obtain surfaces with fluid "above" 
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TD 
Hence Fy = SG1:p-g: -L 
k m sm) Nis 
Fy, = 1.6 x 999. x 981.5 x TP x 6.mx Fy = 333kN 
m 5 
(Note: Use of buoyancy leads to the same result!) 
For the right side, using a similar logic 
v. D? 
k m nm) N.s? 
Fy = 0.8x 999. x 981.5 x EC x 6.mx Fy = 83.1kN 
3 2 16 kg-m 
m 5 
The resultant vertical force is Fy = Fy4 + Fy9 Fy = 416kN 
Finally the resultant force and direction can be computed 
2 2 
F= | FH + Fy F = 557kN 
F 
a = atan Di a = 48.3 deg 
FH 
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Problem 3.80 [3] | 


Gruen: Cylindrical log floating against dam. 


Find; (A) Mass per acf lengt 


(b) Contact foree per wait length, 


Basic eguatens; dp _ dF = PAA 
87 دو‎ $2 


85 35 ؛ کولم‎ 0) Static qt 
(2) Intompress cete 
GJ Neglect farm Gt Acts Cvergtuhere د‎ 


Then (3) 
۸-6۸ = ېم‎ K(1-2os0) 


dF = pda = ur Kd». dFu -dFS'nE, dF, = dF ose 


rs . 37, ٩ 
E | ES E x al 
Fh -f (FRU -Cose) UR سو = ٧ل 9م» د‎ ref ودی‎ szej = وم‎ wef, = n] 


Fue gpp F ¿epa 


27 3 237 


B +SS ,— 
Fy =/ وم‎ RU-<os9) wR coso de- E "da (cosa - سه دن‎ es 


im 
Eur 2 Q4 2512020 3 ar] _ 2 37 
F = Pguk [sme - TETTE] -fgue [4 - 8] = - gar (i B 
Frm a free- body dagran of the log 


¿Fy = mg -Fy =0 jas pore? 1+ 88] 


5 = 
T = سی‎ zl 


z peen 
Fu=-0g ¥ -egl eh E Jor =“ pg] TF -e اس ار بارت‎ 


ORA 
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Ds€ hgadroesfoJdac equations‏ هک 


| Check: Fu وؤ‎ - 07 wR = +pguk?v 


NATIONAL ^ موي‎ 


Problem 3.81 [3] Part D 
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CN crew A Sar Case. . 


| S 
Bos Aye sons 1 ART LAS Na روو‎ KES DS 
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: ده نا‎ NEGO E ٠ قم‎ RA PER 
3 QN Bom acdks ott Cen surface of & user 
k ROT c^ Negros Do dx = gad : we eeu Re WW 
Fron ue cR E bs BanS y EN Vene. xc وص‎ 
د‎ oan S ACES 
Qs ږو‎ = S eap Bene = Sra a ASS 
= rane C ERE bs - eame - دسا‎ -& (S ROM 
E pase | a EE «(S - sec ee pase es MA QN 
رر ښنت‎ əs Su ue. A سه‎ ES is 


NL ورد‎ QNS y DEA LONE ose (\- 0052). ess E - ease) ay x= 


Es Qo 
= o 3 تو یا‎ Sede = RON CEE ل وکیا‎ 


x 


NE 

EN wt | چ‎ - e EAS SP 

A د‎ ere MS Gy 
X 
yo any a, XA IET [SE د‎ Bcc Qu 

ve E سم‎ A 

"m 1 
خو لا‎ OAS e 
Vac PA = ea eS = $a ¡SU >) 

RA WES A 
يچ‎ Lia as los BM ss A Na 
نا‎ pro حا دې‎ 
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Problem 3.81 


[8] ' Part 22 
> > 
N= ردو کت‎ E uus xxm ux ES 
: Z 
CEAN اځ پچ‎ EN > 
EN SS = Xx O MEO E دس‎ N 
Ne دد دو‎ q pens Cor Ve کپ‎ Orel, 
B= Bu SL 


E "موم‎ X X. cosa) s e E 
تم‎ Pane an By LENA E 


aw 


Horizontal and Vertical Forces vs. Water Depth Ratio 


Horizontal Force 


Force, Fy and Fy (kN) 


ertical Force 


0.0 0.2 0.4 0.6 0.8 1.0 
Water Depth Ratio, H/R (---) 


Lines of Action vs. Water Depth Ratio 


Lines of Action, x’, y' (m) 


0.0 0.2 0.4 0.6 0.8 1.0 
Water Depth Ratio, H/R (---) 
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Problem 3.82 [3] 


Guess oed eae ra. : a Smoge 
Landes. wed oan 


€= C US sn NC Ma NA TA 
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on Mu یک‎ C cess CON S ع‎ 
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nu ud MAE er $ al 
لتو‎ \ a n ۷ SHB Ae vere. C = مه‎ x. 


EN SESS 
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1 ES e. 
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M € ue. ORI ) - ^w) 8 4 


. کی‎ & ° O ایت‎ ORA xe 
SUPE = San e = San a S Nasa 


pe SC po ( Se= aso oe wy 


" ^» 
v LR فا سم‎ MES AN Q9 BRN Ur یلا‎ He AME - caus AREA edo هم‎ 
ES x 


= = MT 


NELLE Nada Yu 


ME eC ano - Aste = SN (REN 6 coso - Land ced 
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[3] Part 2/3 | 
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Problem 3.82 
A DX a 
Mm Se AE VE G-eien- & de | ۱" 


\ L 
سی‎ LS eo da, ویک‎ ¿CAN AES "E NS ٢ 


a 
As ek NAR RES واه‎ 


o 
| ade ( ملا اه رر بک‎ tuc 
V iu Lu ARMY Es چو وو ټی‎ 


eq Patrons E Qa دې نا‎ Ds osc’. 


ORN 


CEV 
x > pS 
" T a دل‎ a 
x. SS ` &. EN Ss SAN al ee SE 1 E 
لا‎ 


Force and tine of action vs. liquid concrete depth: 


rm 
Vas 56 کنا‎ Es 


Radius: R= 0.3 m 
Specific gravity: SG = 2.5 س-‎ 
Width: W= 125 m 
Depth Concrete A Vertical Line of 
ngle, 
Ratio, Depth, 0, (deg) Force, Action, 
HIR (--) | H (m) Fv (kN) x'(m) 
0 0 90.0 0 0 
0.02 0.006 78.5 0.00734 4 
0.05 0.015 71.8 0.0289 0.0352 
0.1 0.03 64.2 0.0810 4 
0.2 0.06 53.1 0.226 0.0685 
0.3 0.09 44.4 0.408 2 
0.4 0.12 36.9 0.617 0 
0.5 0.15 30.0 0.847 0.102 
0.6 0.18 23.6 1.09 0.109 
0.7 0.21 17.5 1.35 0.115 
0.8 0.24 11.5 1.62 0.120 
0.9 0.27 5.7 1.89 0.124 
1.0 0.30 0.0 2.17 0.127 
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2 
= 
lo, 
۸ 


— Problem 3.82 [3] Part 3/ 


Vertical Force vs. Depth Ratio 


Vertical Force, Fy (kN) 
N 


- 


0.4 0.6 
Depth Ratio, H/R (—) 


Line of Action vs. Depth Ratio 


E 
$ 
E 
E 
5 
5 
5 


o 
a 
a 


Line of Action, x’ (m) 
o 
o 


02 0.4 0.6 0.8 
Depth Ratio, H/R (---) 
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1٢ Problem 3.83 
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[4] Part 1/2 


Problem 3.84 
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Problem 3.84 [4] Part 2/2 


171 e get apud eX Se sec کی‎ Kota عن‎ Ko e هی‎ 
" NA oe: کم مه‎ e Airspace A را‎ A 
د‎ A caia of Se e dar 
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Sve که نت‎ Set لسا‎ S if 
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— Problem 3.85 [4] Part 1/2 | 
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Problem 3.85 [4] Part 22‏ و 
uc MUR Cor Ye Qe ase. |‏ شی SEL‏ 
"e ES‏ کی = Bue‏ 


We ae, Sea e o Sess 


Mass of canoe vs. depth of submersion ratio: 


Density: p= 999 kg/m? 
Length: L= 5.25 m 
Radius: R= 0.35 m 


d (m)  d/R(—) Omax (fad) Omax (deg) Mass (kg) 


0 0 0 0 0 

0.035 0.10 0.45 25.8 37.7 

x | 0.070 0.20 0.64 36.9 105 
E | 0.105 0.30 0.80 45.6 190 
i 0.140 0.40 0.93 53.1 287 
a 0.175 0.50 1.05 60.0 395 
* | 0.210 0.60 1.16 66.4 509 
| 0.245 0.70 1.27 72.5 630 

| 0.280 0.80 1.37 78.5 754 

0.315 0.90 1.47 84.3 881 

0.350 1.00 1.57 90.0 1009 


Mass vs. Submersion Depth Ratio 


Mass, M (kg) 
o 
[e] 
e 


0 0.2 0.4 0.6 0.8 1 
Submersion Depth Ratio, d/R (---) 


x 
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Problem 3.86 [4] 


3.86 A glass observation room is to be installed at the corner of 
the bottom of an aquarium. The aquarium is filled with seawater 
to a depth of 10 m. The glass is a segment of a sphere, radius 1.5 
m, mounted symmetrically in the corner. Compute the magnitude 
and direction of the net force on the glass structure. 


Given: Geometry of glass observation room 
Find: Resultant force and direction 
Solution: 


The x, y and z components of force due to the fluid are treated separately. For the x, y components, the horizontal force is 
equivalent to that on a vertical flat plate; for the z component, (vertical force) the force is equivalent to the weight of fluid 
above. 

For horizontal forces, the computing equation of Section 3-5 is Fy; = شم‎ where A is the area of the equivalent 


vertical plate. 


For the vertical force, the computing equation of Section 3-5 is Fy = p-g-V where V is the volume of fluid above 


the curved surface. 


The data is For water p= ووو‎ € 


m 


For the fluid (Table A.2) SG = 1.025 
For the aquarium R = 1.5m H = 10m 
(a) Horizontal Forces 


Consider the x component 


The center of pressure of the glass is Yo =H- = Yo = 9.36m 
T 
2 
TR 
Hence Fux = PA = له م.56)‎ => 
k m Tc (1 5m) Nos? 
Fg, = 1.025 x 999.2 x 9.81-% x 9.36-mx E y Fry 7 
3 2 kg-m 
m 5 
The y component is of the same magnitude as the x component 


The resultant horizontal force (at 450 to the x and y axes) is 


| 2 2 
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(b) Vertical forces 


The vertical force is equal to the weight of fluid above (a volume defined by a rectangular column minus a segment of a 


Ey = 160kN 


sphere) 
هېه‎ 
m^ 3 3 
The volume is V = — H- V = 15.9m 
4 8 
k m 3 ES 
Then Ey = SG-p-g:V Fy = 1.025 x 999.2 x 9.81. 45,9. m? x 
۷ ۷ : : 
m S kg.m 


Finally the resultant force and direction can be computed 


277352 
F = /Fy +Fy F = 284kN 


F 
a= 3 a = 34.2 deg 


Note that a is the angle the resultant force makes with the horizontal 
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Problem 7 


*3.87 Find the specific weight of the sphere shown if its volume 
is 0.025 m°. State all assumptions. What is the equilibrium posi- 
tion of the sphere if the weight is removed? 


Given: Data on sphere and weight 
Find: SG of sphere; equilibrium position when freely floating T 
|^ 
Solution: 
Basic equation Fg-pgV and  YF,=0 XF,-20-T-«Fp-W 
V 
where T-Mg M = 10-kg Fp = Pe WzSGpgV D 
۷ M 1 
Hence M-8+p:8—-SG-p:g-V=0 SG = — +- 
8+Pp:8 2 8 ay 2 
3 
1 
SG = 10-kg x Y x +5 SG = 0.9 
1000-kg 0025-m? 2 
Weight SG ۷ k m Nos? 
The specific weight is q= NAAA SO SG-p:8 y = 0.9 x 1000-22 x 9.81.— x = 8829- 
Volume ۷ 3 2 kgm 
m 5 
For the equilibriul position when floating, we repeat the force balance with T = 0 
Fg- We 0 W-Fpg wih F=08Vsubmerged 
f ing Googling "partial sphere volume" zs 
From references (trying Googling "partial sphere volume") V submerg ed= aren —h) 
1 1 
3-V 2 3 3 
where h is submerged depth and R is the sphere radius R= (=) R = (ortam ) R = 0.181m 
T T 
wh? 2 3-SG-V 
Hence W = SG-p-g V = Fp = peel m - h) h -(3-R -h) = 
2 3-0.9 025-m^ 2 
h”-(3:0,181-m — h) = ——— ——— h (0.544 — h) = 0.0215 
T 


This is a cubic equation for h. We can keep guessing h values, manually iterate, or use Excel's Goal Seek to find h = 0.292. m 
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Problem 3.88 2 
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Problem 9 [2] 
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uy 7 ES z Sve N co BAN. | SEF OA‏ = لو لا 
VANA, SG, OS‏ اسک ۀ د = ats‏ 
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Problem *3.90 
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SQUARE 
SQUARE 
SQUARE 


a For ad, ^ woe 


un 


[2] 


Problem *3.91 


Given: Experiment performed ty Archimedes to talenti, ^ materia 
Content of King Hes Crown. 


Measured uxight of Crown 10 air, Wa, and in water, Why, | 


Solution: Apply principle of boty Qe To fre- body of !سو‎ 
م00‎ re tgua hon: fg "Prog Y 


Assumphons! Ui) State quid 


(2) Incompressible (ques Alur 


Éo 


= 


Free -bodig dagran o4 Crum Ia wake: 
ZA = War -Mg + Fg “maz ۵ 

er 
For the Crown مر‎ dir, Whe Mg 


lom bining , LAr “hy T Piro 2 ¥ y به‎ +e Wa = Whe 


Frog 
Tht . Crowns density دا‎ fc =M a Wes Wa 
2* 0 Wa - Wur 
Th fe Wo. 
€ crowns Specific gravity "EE > 
Ping Wa” 


water and Adra frena Table AT w Ak miy be Ustad to Correct 
the density fo 49C, 
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Find: Expression tyr Specifi gravity of Crrun as Functor of Wp aad D» 


po ty eAnihen, 867 = Pl Ping (402), X» Joe measured temperature of ] 


ا جیا خی کی جیا تیا 


و 


500 SHEETS, FILLER 


42.394 


Problem *3.92 [2] 


*3.92 An open tank is filled to the top with water. A steel cylind- 
rical container, wall thickness 6 = 1 mm, outside diameter D = 
100 mm, and height H = 1 m, with an open top, is gently placed 
in the water. What is the volume of water that overflows from the 
tank? How many | kg weights must be placed in the container to 
make it sink? Neglect surface tension effects. 


Given: Geometry of steel cylinder 
Find: Volume of water displaced; number of 1 kg wts to make it sink 
Solution: 
kg 
The datais For water p= ووو‎ 
m 


For steel (Table A.1) SG = 7.83 


For the cylinder D = 100-mm H = 1m 6 = 720 
2 
The volume of the cylinder i Vesa EBE Vasa = 3.22 x 10m 
e volume o yli 5 steel = 9| 7, مې‎ steel 17 m 
The weight of the cylinder is W = 500۰8 V steel 
2 
k - N. 
W = 7.83 x 999. x 9.81. x 3.22 x 104m کل‎ W = 24.7N 
m ES kg-m 


At equilibium, the weight of fluid displaced is equal to the weight of the cylinder 
Wdisplaced = P:8V displaced = W 


3 2 
WwW m 5 kg.m 
Wis ک7 کک‎ a = 2521 
displaced 5, » 999-kg “981m Re displaced 


To determine how many 1 kg wts will make it sink, we first need to find the extra volume that will need to be dsiplaced 


Va, 
Distance cylinder sank x] = eee x, = 0.321m 
T-D 
4 
Hence, the cylinder must be made to sink an additional distance x) = 11-17 ولا‎ 0.679m 
rD 
We deed to add n weights so that 1-kg-n-g = pg "X9 
4 
pm D x 2 
Eo k N: 
ec ^ = .ووو‎ x T x (0.1m) x 0.679-m x TEE n = 5.33 
4x 1-kg Pe 4 lkg kgm 


Hence we need n = 6 weights to sink the cylinder 
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Problem 3 [2] 


*3.93 Hydrogen bubbles are used to visualize water flow streak- 
lines in the video, Flow Visualization. A typical hydrogen bubble 
diameter is d = 0.001 in. The bubbles tend to rise slowly in water ۷ | Fg 
because of buoyancy; eventually they reach terminal speed rela- 
tive to the water. The drag force of the water on a bubble is given 
by Fp = 3zyVd, where u is the viscosity of water and V is the 
bubble speed relative to the water. Find the buoyancy force that ^ | Fp 
acts on a hydrogen bubble immersed in water. Estimate the 
terminal speed of a bubble rising in water. 


Given: Data on hydrogen bubbles 
Find: Buoyancy force on bubble; terminal speed in water 
Solution: 
: T 3 ; 
Basic equation Fg=PgV= pace and Fy = May Fy -0-Fpg-Fp-W for terminal speed 
slu ft mc 1-ft 3 Ibf.s? 11 
Fp = 194.208 x 32.2.— x — x | 0.001-in x x —— Fp = 1.89x 10 -lbf 
ft 2 6 12-in slug: ft 
For terminal speed Fp -Fp-W=0 Fp = ان‎ V-d = Fp where we have ignored W, the weight of the bubble (at 
STP most gases are about 1/1000 the density of water) 
FB -5 Ibf-s 
Hence 5 with u = 2.10: 10 "-—— from Table A.7 at 68°F 
3-7 pd fi? 
1 1 1 ft 1 12:in 
V = 189x10 -lbf SS e 
3-T 240x10- ]bf.s 0.001in  1ft 
venis a هه‎ 
5 min 


As noted by Professor Kline in the film "Flow Visualization", bubbles rise slowly! 
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Problem 4 [2] 


Gas bubbles are released from the regulator of a submerged scuba diver. What happens to 
the bubbles as they rise through the seawater? Explain. 


Open-Ended Problem Statement: Gas bubbles are released from the regulator of a 
submerged Scuba diver. What happens to the bubbles as they rise through the seawater? 


Discussion: Air bubbles released by a submerged diver should be close to ambient 
pressure at the depth where the diver is swimming. The bubbles are small compared to 
the depth of submersion, so each bubble is exposed to essentially constant pressure. 
Therefore the released bubbles are nearly spherical in shape. 


The air bubbles are buoyant in water, so they begin to rise toward the surface. The 
bubbles are quite light, so they reach terminal speed quickly. At low speeds the spherical 
shape should be maintained. At higher speeds the bubble shape may be distorted. 


As the bubbles rise through the water toward the surface, the hydrostatic pressure 


decreases. Therefore the bubbles expand as they rise. As the bubbles grow larger, one 
would expect the tendency for distorted bubble shape to be exaggerated. 
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Hi 


Life / = و‎ lfa- fz) "edi a )* fa a(l- al : fag = boms t 


Problem *3.95 


Given: Balloons iste hot air, heliem, and hej drogen. Claim 


LPE per Cubic foot of DIE, 0.065,aN0 0.071 lb? / کم‎ for 
POSPECHIVE gates, “UH pir feasted Yo /43 7 Over Ambient. 


Find: (a) £va fcco-te, clas 
(b) Compare ar at ZT above Ambient. 


Solution: Assane ambient conditions are STP, 4 = aj, aod 


Apply «dea! gas egeaJzon of State, 

(Use data tam Table A.L.) 
Basic equations : Life = Pair gw -fjas gY j p =p RT 
Thean 
For ind 


* = OOS 6۴ | _ 53.33 {F (deo SWE, bm ] 


Aa ne” EPG: 1H bf (HO FEQ 1 ۳5۹ (ع‎ 


lot JAZ lritends to obb) ; | | He‏ 0.0659 = لا 


For hyedrogen 


lek (1 — EET = 0.0712 bf He? (ronds to 0.01)‏ 0.075 يځ 


for air at ISDF above ambient, 


L _ $3.33 (4o15) _ 


AFL 58.33 (too +594 150) 
For a at 250° F above ambient, 


D- 0.0765 AF |] — 53.33 دببه)‎ +59) 


ATARI 0249 bt کېم/‎ 
ورو‎ 53.33 (to +59 +280 ) ې‎ / 


Agreement Lot cans ^S good, 
Abe at AT = ZF ges YE percent more lft than at AF = 10e, 


LE ba tlon needs 72 ft" IF of Att af OF = 250“ d } 
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ETS 5 SQUARE 
ETS 5 SQUARE 
ETS 5 SQUARE 


eu 


[3] 


Air at STP 


Problem 6 


13.96 A hot air balloon is designed to lift a basket, two people, 
three gallons of fuel, a pair of binoculars, a camera, a GPS, a cell 
phone, a pair of blankets, twelve candy bars, and the components of 
the balloon itself (fabric, ropes, and torch). The total mass is esti- 
mated at 450 kg. The rides are planned in summer morning hours 
when the air temperature is about 9 C. The torch will warm the air 
inside the balloon to a temperature of 70°C. Both inside and outside 
pressures will be “standard” (101 kPa). What volume of hot air 
should the balloon hold to create neutral buoyancy? What 
additional volume will ensure a vertical take-off acceleration of 
0.8 m/s?? For this, consider that both balloon and inside air have to 
be accelerated, as well as some of the surrounding air (to make way 
for the balloon). The rule of thumb is that the total mass subject to ac- 
celeration is the mass of the balloon, all its appurtenances, and twice 
its volume of air. Given that the volume of hot air is fixed during 
flight, what can the balloonists do when they want to go down? 


uU 
Oh Basket 


Given: Data on hot air balloon 
Find: Volume of balloon for neutral buoyancy; additional volume for initial acceleration of 0.8 m/s. 
Solution: 


Basic equation FB = Pag & V and YF, = May 


Hence XE, = 0 = Fg - Whotair~ Wioad = Patm V — Photais8 V -M'g for neutral buoyancy Wicad 


— x | SS V= 2027-m? 


M M _ MR 1 


M m nn —— ا‎  ے‎ 
1 1 


Patm 7 Photair Patm Patm Patm 
T 


Ram نه‎ 


atm Thotair 


N. 1 1 
V = 450-kg x 286.9: — x —— 2 
N 1 1 


ksK 491% 10° EE A MN 
(9-273.K  (704273)K 


Initial acceleration YF, = Fg — Whotair ~ Wload = (Patm " Photair) £ Vnew -Mg = Maga = (M +2 Photair 1 ٢ 


Solving for Vnew (Pata = Photair) E Vnew -Mg = (M +2: Photair Vnew)1 


wea 
۷ 5 M-g+ M.a g 
HEW 7... a AVR 
(Patm = Photair) £ ¬ ?'Photair' Patm' EN. 
Tatm Thotair) Thotair 8 
2 
0.8 N- 1 1 
Vgew = 450-kg x | 14 — | x 286.9: — x —— Ex : 
9.81 KeK 401x102 N 1 1 2 08 
9+273 70+273 70+273 1 
= 891m? H AV = AV = E 
View = 8911-m ence V = View” V V = 6884-m 


To make the balloon move up or down during flight, the air needs to be heated to a higher temperature, or let cool (or let in ambient air). 
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Problem 3.99 [3] 


43.99 A block of mass 30 kg and volume 0.025 m? is allowed to 
sink in water as shown. A circular rod 5 m long and 20 em? in cross 
section is attached to the weight and also to the wall. If the rod mass 
is 1.25 kg, what will be the angle, 0, for equilibrium? 


NEW PROBLEM STATEMENT NEEDED 


NOTE: Cross section is 25 cm? 


Given: Geometry of block and rod 


Find: Angle for equilibrium 


Solution: 
Basic 2MHinge =0 Fg = p:8V (Buoyancy) 


equations 


The free body diagram is as shown. Fpp and Fpp are the buoyancy of the 
block and rod, respectively; c is the (unknown) exposed length of the rod 


Taking moments about the hinge 


L L 
(WB - Egg) L-cos(0) - FBR ( > : -cos(0) + Wrz 60808) =0 
L L 
Combining equations (Mp - p-Vg)L - p-A«(L - c) ( " a MRS - 0 


1 
We can solve for c "E - 2) = 2 (Ms - دې ۷ م‎ Pug) 


3 2 
1 1 100- k 1 
c= (5m) - 2x E وک‎ Pn x | 30-kg — 1000-5. x 0.025-m> +—x1.25:kg 
1000-kg 25 2 l| 1m 3 2 
cm m 
c= 1.58m 
Then sin(®) = = with a = 0.25-m 9 = B 0 = 9.1-deg 
E C 
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AS 


| 


Problem *3.100 


Given: Glass huydiomerr used do neasurt SG of liquids, 


Sten has D=b mm; distant behueen marks on Stem 13 
d= 3mm pec tf هک‎ 


Huyadrame ter Floats 10 ethy! altwohol (Assume Contact Angle /3 if), 


Find: Magnitude of error Introduced ty surface tensor, 
Solution: Consider a Frec > bok, diag nam of the floating hydrometer 


Surface tension Lu base the Fg diro pre ter 
to sink Âh jower into the haad. Thus for 
7h45 change, 


L5 = Afa ¬ fy =mÂz T0 


Computing equation: Arg وم ه‎ Av 


Assumphons ¿(py Stahe hateed NE Bare 
(2) Encormipressible liquid 


Then Af = TD Ah and AR (02 TB" Ah 
c. 
and fy = TDF cos@ = TDF 


Combiner 72" Ab + DK pr åh =z د سه‎ to _ 
g f$ DLP ver 
From Table A. 2,586 * 0,284 ane from Table A.4 dq 222 E for 
Ethanol, Zo : 
Ab = 4 X 22. 3%i0 2 x mò Nu / kg ert i -3 


ود دد BY‏ و رر 00067" سر رو 7n ioka‏ 0,7949 


uss the change m wilt be 


-5 


[42x10 7m, 94 S& I0 men‏ ے 
ASG 25‏ 


0.0640 = وور 


Float lower in tre liquid. Thertfne surface tinsien resetis 19 AQ 


P" the DAGAN , Surface tension acts 7o case the Agarometer fo 
۲١ لك لته ۱ل‎ $6 SMA, than the Actual Eb. 
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Problem 3.101 [2] 


*3.101 If the mass M in Problem 3.99 is released from the rod, at 
equilibrium how much of the rod will remain submerged? What 
will be the minimum required upward force at the tip of the rod to 
just lift it out of the water? 


Given: Geometry of rod 


Find: How much of rod is submerged; force to lift rod out of water (L + cy2 1/2 
Solution: 

Basic =Myinge =0 Fp =p-g-V (Buoyancy) 

equations 


The free body diagram is as shown. Fp is the buoyancy of the rod; c is 
the (unknown) exposed length of the rod 


Taking moments about the hinge 


L+ L 
ds : C) cos(6) + Wp:3"cos(0) = 0 
L+ L 
Hence eel 92 ES Mp =0 
2 2 
We can solve for c A -c ) = Mp L 
L.M 
C= 5 = رو‎ 
p-A 


(5m)? —5-mx 


2 
ES x 125-kg 


um x 
1000-kg 25 | 1m 


c= 474m 


Then the submerged length is L-c = 0.257m 
To lift the rod out of the water requires a force equal to half the rod weight (the reaction also takes half the weight) 


2 
N's 
gm 


F= 6.1N 


1 
F-lMggolx125kgx 9.81.7. x 
S 
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Problem 2 C 
Given: Sphere parhally imamensea in liquid Df. Specific gravity, SG. 
Find :(a) Formula, algebraic expression ۴۳۳ buoyancy ۴۳ ۴۸ , که‎ a 


funchon E^ submersion depth, d, for OSASR 
(b) Plot of results aver range of ge id depth, Sphere 


Solution: Apply Fluid Statics d | Liquid 
; mE. : (36) 

Basic 2quañons, Fh = Pg y Y. K 

a dF = 04 

2 Kn 

SE Assumphons: U) Static ligaid | 

E (2) Incompressible,so P= Pot (GH 

sag? (5) Meg ect مس‎ E it acts everyishtre 

t Then dE = coséepda ز‎ p=pgh j d = ht Rli-cose) j h =d-Rli-coss) 


dA = ZTLR) RAS = Em Rising dé | 
dF = cose rald- RU-coss){ 2۶۲.6 dit = zr RE[ $ -)٢ cos bing cost کل‎ 
د‎ | dF, 
At Bmax, OS nax = E =/- Ye, so 


Fy = -))م وم۶۳‎ "eU to, - 1] - نک‎ 1] 


Fy = نه‎ e? [ t0- $)3 - (+ ي‎ | v | 
Div eio both sides bu the Vertical force bA a fully submerged Sphere, | 
1.0 


Nou 


x‏ ها 


¿rr es[ 5 - (1- -cose)s,ne Cass ډڅاه‎ 


Fy 


=2 [20-401 5) 


3 

PG MEE 7 08 
> 

where D = (i- Ly. 9 06 
3 
لا‎ 
و‎ 

y 4 
o 
g 

5 02 

0.0 

0.0 0.5 1.0 15 2.0 


Submergence Ratio, d/R (---) 
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Problem 3 [2] 


*3.103 In a logging operation, timber floats downstream to a lum- 
ber mill. It is a dry year, and the river is running low, as low as 2 
feet in some locations. What is the largest diameter log that may be — H - 2 ft 
transported in this fashion (leaving a minimum 1 in. clearance be- 
tween the log and the bottom of the river)? For the wood, SG = 0.8. 


Given: Data on river 
Find: Largest diameter of log that will be transported 
Solution: 
Basic equation FB = 0۰8 Vgub and YF, - 0 5 = 0= Fg -W 
where FB = P:8Voub = PE Asp W-2SGpgV-SGpgAL 
R2 
From references (trying Googling "segment of a circle") Asub = (9 - sin(0)) where R is the radius and 0 is the 
2 included angle 

E 2 

Hence pe (6 —sin(0)).L = SG.p.gT-R -L 


0 —sin(0) = 2-SG-T =2x0.8x m 


This equation can be solved by manually iterating, or by using a good calculator, or by using Excel's Goal Seek 


0 = 239-deg 
: 0 
From geometry the submerged amount of a logis H —h and also R + R-cos| T — 7 
0 
Hence H-h =R+R-cos e 
1 
H-h [2 1 ال‎ 
Solving for R R = چم وو‎ S R= —;/— 05-3 R = 1.28-ft 
1+ ٢ = 2) 1+ ZI = ال‎ 
D =2R D = 2.57-ft 
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Problem *3.104 [4] 


3.104 A sphere of radius R, made from material of specific grav- 
ity SG, is submerged in a tank of water. The sphere is placed over a 
hole, of radius a, in the tank bottom. Develop a general expression 
for the range of specific gravities for which the sphere will float to 
the surface. For the dimensions given, determine the minimum SG 
required for the sphere to remain in the position shown. 


Given: Data on sphere and tank bottom | 
Fp 
Find: Expression for SG of sphere at which it will float to surface; minimum SG to remain in position j| 
Solution: E 
1 I 
' I 
Basic equations Fg=pgV and Ey =0 NE, =0=F, -Fy+Fp-W EE 
F 
2 5 : | W 
where FL = Pata Fy = | Pam + p:g(H- 2R)|ma 
4 3 2 
Fp = PEN het V het = gh —qTa-2R 
i 4 3 
W-SGpgV with V= q TR 


Note that we treat the sphere as a sphere with SG, and for fluid effects a sphere minus a cylinder 
(buoyancy) and cylinder with hydrostatic pressures 


4 4 
Hence Pan Ta | Patm + p-g(H 2)]ma* + pemr — از د‎ SGpglmR. =0 
3 4 
Solving for SG SG = | roo - 2.R).a? t ZEE - از د‎ 
2 
3H 
pup c 
4 R? 


2 3 
3 1-ft 1 12 

SG = 1-3 x 25 x | 0.075-inx ر‎ SG = 0.873 
4 12-in 


This is the minimum SG to remain submerged; any SG above this and the sphere remains on the bottom; any SG less than this and the 
sphere rises to the surface 
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Problem 985 
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TS 5 SQUARE 
ETS د‎ SQUARE 
HEETS 5 SQUARE 


[3] 


Water rushing in! 


7۱ 


ES 


Floating Sinking 
Given: Data on boat Floating Sinking 
A a : : m A H=8ft 
Find: Effective density of water/air bubble mix if boat sinks = = = f 73 | ........ 
Solution: h=7 ft 
Basic equations Fg =p-g8V 6 D - 0 
We can apply the sum of forces for the "floating" free body 0= 60? 
2Ey =0=Fg-W where Fp = SGóea'P:8V subfloat 
1 (2h L.h* 
۷ = —-h-| — |L = SG, = 1.024 (Table A.2) 
subfloat > (=) tan(0) sea 
2 
SGsea Pg Lh 
Hence = (1) 
tan(0) 
We can apply the sum of forces for the "sinking" free body 
2 
1 2-H L-H 
2Ey = 0 = Fp -W where Fp = SGmix"P:8V sub V subsink = a) = tan(0) 
Hence E S LAE (2) 
tan(0) 
Comparing Eqs. 1 and 2 1 ان سب‎ 1 SGmix 11 
tan(0) tan(0) 
Hi A 
SGmix = sess (2) SGmix = 1.024 x B SGmix = 4 
das slug slug 
The density is کن فا = په‎ iy = 0,784 x 1.94. —— يې‎ = 1.522 
y Pmix mix’? Pmix a ۴ Pmix EE 


Problem 76 


3.106 You are in the Bermuda Triangle when you see a bubble 
plume eruption (a large mass of air bubbles, similar to a foam) off 
to the side of the boat. Do you want to head toward it and be part of 
the action? What is the effective density of the water and air 
bubbles in the drawing on the right that will cause the boat to sink? 


Your boat is 10 ft long, and weight is the same in both cases. 
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Problem 7 [2] 


13.107 A bowl is inverted symmetrically and held in BXYB fluid, 
SG = 15.6, to a depth of 7 in. measured along the centerline of 
the bowl from the bowl rim. The bowl height is 3 in., and the 
BXYB fluid rises 1 in. inside the bowl. The bowl is unique: Its 
base is 4 in. inside diameter, and it is made from an old clay re- 
cipe, SG — 5.7. The volume of the bowl is about 56 in.?. What is 
the force required to hold it in place? 


Given: Data on inverted bowl and BXYB fluid 

Find: Force to hold in place 

Solution: 

Basic equation Fg -pgV and YF, =0 YE, =0=Fg-F-W 

Hence F = Fg-W 

For the buoyancy force Fp = SGpx yp: Vsup with Vsub = "bowl Vair 
For the weight W = 5108 Vbowl 

Hence F = SGpxyB' P*£(Vbowl T Vair) 7 SGpowpr P8 Vbowl 


F- P8 SGBXYB'(Vbowl T Vair) ~ SGpowr Vbow] | 


2 3 2 
par yao" seu sein aibi E AE ES 
f 2 4 12-in slug: ft 


F = 34.2-lbf 
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Problem 5868 [4] 


Consider a conical funnel held upside down and submerged slowly in a container of 
water. Discuss the force needed to submerge the funnel if the spout is open to the 
atmosphere. Compare with the force needed to submerge the funnel when the spout 
opening is blocked by a rubber stopper. 


Open-Ended Problem Statement: Consider a conical funnel held upside down and submerged slowly in a 
container of water. Discuss the force needed to submerge the funnel if the spout is open to the atmosphere. 
Compare with the force needed to submerge the funnel when the spout opening is blocked by a rubber 
stopper. 


Discussion: Let the weight of the funnel in air be W,. Assume the funnel is held with its spout vertical and 
the conical section down. Then W, will also be vertical. 


Two possible cases are with the funnel spout open to atmosphere or with the funnel spout sealed. 

With the funnel spout open to atmosphere, the pressures inside and outside the funnel are equal, so no net 
pressure force acts on the funnel. The force needed to support the funnel will remain constant until it first 
contacts the water. Then a buoyancy force will act vertically upward on every element of volume located 
beneath the water surface. 


The first contact of the funnel with the water will be at the widest part of the conical section. The buoyancy 
force will be caused by the volume formed by the funnel thickness and diameter as it begins to enter the 
water. The buoyancy force will reduce the force needed to support the funnel. The buoyancy force will 
increase as the depth of submergence of the funnel increases until the funnel is fully submerged. At that 
point the buoyancy force will be constant and equal to the weight of water displaced by the volume of the 
material from which the funnel is made. 


If the funnel material is less dense than water, it would tend to float partially submerged in the water. The 
force needed to support the funnel would decrease to zero and then become negative (i.e., down) to fully 
submerge the funnel. 


If the funnel material were denser than water it would not tend to float even when fully submerged. The 
force needed to support the funnel would decrease to a minimum when the funnel became fully submerged, 
and then would remain constant at deeper submersion depths. 

With the funnel spout sealed, air will be trapped inside the funnel. As the funnel is submerged gradually 
below the water surface, it will displace a volume equal to the volume of the funnel material plus the 
volume of trapped air. Thus its buoyancy force will be much larger than when the spout is open to 
atmosphere. Neglecting any change in air volume (pressures caused by submersion should be small 
compared to atmospheric pressure) the buoyancy force would be from the entire volume encompassed by 
the outside of the funnel. Finally, when fully submerged, the volume of the rubber stopper (although small) 
will also contribute to the total buoyancy force acting on the funnel. 
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Problem 9 [4] 


In the ““Cartesian diver”” child's toy, a miniature ‘‘diver’’ is immersed in a column of 
liquid. When a diaphragm at the top of the column is pushed down, the diver sinks to the 
bottom. When the diaphragm is released, the diver again rises. Explain how the toy might 
work. 


Open-Ended Problem Statement: In the “Cartesian diver” child's toy, a miniature 
“diver” is immersed in a column of liquid. When a diaphragm at the top of the column is 
pushed down, the diver sinks to the bottom. When the diaphragm is released, the diver 
again rises. Explain how the toy might work. 


Discussion: A possible scenario is for the toy to have a flexible bladder that contains air. 
Pushing down on the diaphragm at the top of the liquid column would increase the 
pressure at any point in the liquid. The air in the bladder would be compressed slightly as 
a result. The volume of the bladder, and therefore its buoyancy, would decrease, causing 
the diver to sink to the bottom of the liquid column. 


Releasing the diaphragm would reduce the pressure in the water column. This would 
allow the bladder to expand again, increasing its volume and therefore the buoyancy of 
the diver. The increased buoyancy would permit the diver to rise to the top of the liquid 
column and float in a stable, partially submerged position, on the surface of the liquid. 
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Problem 0 [4] 


A proposed ocean salvage scheme involves pumping air into ““bags”” placed within and 
around a wrecked vessel on the sea bottom. Comment on the practicality of this plan, 
supporting your conclusions with analyses. 


Open-Ended Problem Statement: A proposed ocean salvage scheme involves pumping 
air into “bags” placed within and around a wrecked vessel on the sea bottom. Comment 
on the practicality of this plan, supporting your conclusions with analyses. 


Discussion: This plan has several problems that render it impractical. First, pressures at 
the sea bottom are very high. For example, Titanic was found in about 12,000 ft of 
seawater. The corresponding pressure is nearly 6,000 psi. Compressing air to this 
pressure is possible, but would require a multi-stage compressor and very high power. 


Second, it would be necessary to manage the buoyancy force after the bag and object are 
broken loose from the sea bed and begin to rise toward the surface. Ambient pressure 
would decrease as the bag and artifact rise toward the surface. The air would tend to 
expand as the pressure decreases, thereby tending to increase the volume of the bag. The 
buoyancy force acting on the bag is directly proportional to the bag volume, so it would 
increase as the assembly rises. The bag and artifact thus would tend to accelerate as they 
approach the sea surface. The assembly could broach the water surface with the 
possibility of damaging the artifact or the assembly. 


If the bag were of constant volume, the pressure inside the bag would remain essentially 
constant at the pressure of the sea floor, e.g., 6,000 psi for Titanic. As the ambient 
pressure decreases, the pressure differential from inside the bag to the surroundings 
would increase. Eventually the difference would equal sea floor pressure. This probably 
would cause the bag to rupture. 


If the bag permitted some expansion, a control scheme would be needed to vent air from 
the bag during the trip to the surface to maintain a constant buoyancy force just slightly 
larger than the weight of the artifact in water. Then the trip to the surface could be 
completed at low speed without danger of broaching the surface or damaging the artifact. 
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Problem 541 [2] 


13.111 Three steel balls (each about half an inch in diameter) lie at 
the bottom of a plastic shell floating on the water surface in a par- 
tially filled bucket. Someone removes the steel balls from the shell 
and carefully lets them fall to the bottom of the bucket, leaving the 
plastic shell to float empty. What happens to the water level in the 
bucket? Does it rise, go down, or remain unchanged? Explain. 


Given: Steel balls resting in floating plastic shell in a bucket of water 
Find: What happens to water level when balls are dropped in water 
Solution: Basic equation Fp = PV disp g=W for a floating body weight W 


When the balls are in the plastic shell, the shell and balls displace a volume of water equal to their own weight - a large volume because 
the balls are dense. When the balls are removed from the shell and dropped in the water, the shell now displaces only a small volume of 
water, and the balls sink, displacing only their own volume. Hence the difference in displaced water before and after moving the balls is 
the difference between the volume of water that is equal to the weight of the balls, and the volume of the balls themselves. The amount 
of water displaced is significantly reduced, so the water level in the bucket drops. 


W yet Wi 

Volume displaced before moving balls: V4 = Mc 
ps 

MU : 

Volume displaced after moving balls: V= PERSE + Vhalls 
ps 
W SG, ep: g V 

Change in volume displaced AV = V4- V4 = Vhalls mE = Vhalls” A 


AV = Vhalls'(1 - SCballs) 


Hence initially a large volume is displaced; finally a small volume is displaced (AV < 0 because SGballs > 1) 
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Problem 62 [3] 
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EQ pots کا‎ | 
E m = a AR | | 


woe RN. Aerea‏ خی ور a aom amd‏ خا کې o Serres‏ = پا سرب 


o = N - ES | | 
Suma fer w, | 
wor È 
De 
پله په‎ àxa ٢ Qa & y | 
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Problem 23 
| Given U - fc ec. A ce رکا‎ ome ber 


Find: Acceleration in terms of h L 


| Solution: 


Apply 2, Y components of hydrostatic egua Ton 
Basic equations 


au = 0 ay = “A 
Assumptions: U) Neg ect sloshing 
(2) Lgnore Corners 
Then se ia Pa) E = =P4 ES Ap from left 
keg Te right: 
op 
Op = E ex T E d 
Ap = ap Ax + £ A, 
ES eH —— E E cu 
Ap = pal ~pgh =O 
Solving, 
R= 22) 
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Problem *3.114 [2] 


Rectangular container with constant acceleration 


Slope of free surface 


Basic equation —Vp + pg = pa 


13.114 A rectangular container of water undergoes constant ac- 
celeration down an incline as shown. Determine the slope of the 
free surface using the coordinate system shown. 


Given: 
Find: 


Solution: 


0 0 0 
In components ——ptp-gy = pray ——p + 08 = p:ay -—p + pg, = p-a, 
Ox 07 07 
We have ay = a, = 0 gy = gsin(0) By = -g'cos(0) g,=0 
0 = 0 E NS 
Hence ——p *'gsin(0) = p-a, (1) ——p —p-gcos(8) =0 (2 ——p =0 (3) 
ox oy 07 
From Eq. 3 we can simplify from p = p(x,y,z) to p =p(x,y) 
; T _0 0 
Hence a change in pressure is given by dp = —p:dx+=p+dy 
OX Oy 
2» 
At the free surface p = const., so dp = 0 = B dx + 2 dy or dy = ox at the free surface 
Ox Oy dx o 
ey 
op 
p-g-sin(®) — p.a g:sin(0) — a 
Hence at the free surface, using Eqs 1 and 2 E = MU = y ee A 
dx 0 p:g:cos(0) g:cos(0) 
—P 
ey 
(و0). 1هو‎ 12-۹ 
2 2 
dy _ 5 5 
9.81-(0.866): = 
5 
: dy 
At the free surface, the slope is dx = 0.224 
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Problem 5 [2] 


3.115 The U-tube shown is filled with water at T = 68°F. It is 
sealed at A and open to the atmosphere at D. The tube is rotated 
about vertical axis AB. For the dimensions shown, compute the 
maximum angular speed if there is to be no cavitation. 


Given: Spinning U-tube sealed at one end 
Find: Maximum angular speed for no cavitation 
Solution: Basic equation -Vp + pg = pa 
2 
0 V 2 0 
In components اسو‎ = pra =p. — = -pwr —p =-p-g 
r Oz 
Between D and C, r = constant, so 9 = -pg and so Pp -Pc = -pH (1) 
Oz 
Between B and A, r - constant, so 2, = -pg and so Pa -Pg =-P:8H (2) 
Oz 
Pc L 
Between B and C, z = constant, so 2, = pur and so | 1dp = | pur dr 
or PB 0 
1 2 ٩ (3) 
Integrating Pc PB SPW 
Since Pp = Patm, then from Eq 1 Pc = Pam +P:8H 
2 LA 2 i 
From Eq. 3 Pp وه‎ pw = so PB = Patm ^ EH = pw E 
2 i 
From Eq. 2 pA = Pp  م‎ gH SO PA = Pam 2 PW la 
Thus the minimum pressure occurs at point A (not B) 
At 68°F from steam tables, the vapor pressure of water is Py = 0.339-psi 
1 
Ibf w 1 12-in : lug ft i 
Solving for œ with pa = py, we obtain w = = | 2-(14.7 — 0.339). — x ————— x — x x SUEN 
. 2 652 52 1-ft 2 
in (3-in) s -lbf 
w= 195.224 w = 1764-rpm 
5 
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Problem 6 [2] 


*3.116 If the U-tube of Problem 3.115 is spun at 200 rpm, A 
what will be the pressure at A? If a small leak appears at A, 
how much water will be lost at D? 


4—- Water 


AP e 


Given: Spinning U-tube sealed at one end 
Find: Pressure at A; water loss due to leak 
Solution: Basic equation -Vp + pg = pa 


From the analysis of Example Problem 3.10, solving the basic equation, the pressure p at any point (r,z) in a continuous rotating fluid is 
given by 


2 
"Uu 2 2 
P = Po el ~o ) i P-£(z - 20) (1) 


where py is a reference pressure at point (rp,zp) 


In this case P=Pa Po = PD Z= Z = Zp = دا‎ r=0 to =Ip ٢ 
aoe rad 
The speed of rotation is w = 200-rpm w = 20.9. — 
5 
The pressure at D is Pp = 0-kPa (gage) 
2 2.2 2 4 2 
: رس‎ 1 1 1 0 1 lbf- 
Hence Pa = a E T OE Dies Ce | ce a o 
2 2 2 f° 5 12-in slug: ft 
Pa = —0.18-psi (gage) 
When the leak appears,the water level at A will fall, forcing water out at point D. Once again, from the analysis of Example 
Problem 3.10, we can use Eq 1 
In this case P= Pq =0 Po = Pp = 0 Z2 = ZR Z0 = Zp د‎ r=0 to ='"pD=L 
2 
Hence 0= راه‎ = 0) - H) 
2 
2,2 2 2 
-L 1 d 1-ft 
aq = H- 2 = 12in- 2 x| 209-5] x (sim? x x ZA = 6.91-in 
2-8 2 5 32.2-ft 20 
The amount of water lost is Ah = H - zy = 12.in — 6.91:in Ah = 5.09-in 
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SQUARE‏ د SHEETS‏ نا 
JÖ NHFETS 5 SOUARL‏ 


û &HELTS ^ SCILIARE 


Problem 58 2 


. : - " fay == IODO ک‎ | 
Given: Test tube torth water کل‎ | 
Fiad: (a) Rada i Accede neon TE er se شم‎ n= 50 min | 
نا‎ Radiat pressure gradient, Fer | 
(c) Maximum pressure on botom, | e 3 نف‎ | 
| | 
: m 2 | 
" Bane وولو‎ Vpt 4 -g4 | 
d Sb | 
= dioc gem Gee E 
Hs pm | T: هان ان‎ UNT 
PER. tem prons: (N Rigid - boy motion ,$o ar = ویم ے مشه س ير‎ r 
eae (> r hor tsonhe f, 50 £r ٥۵ 
: The ec _ = د‎ 
بو وواد دسا‎ 
Integrating fa, 7 TEF «f. A (C9 Fe j a 
Emax = Pump, = bx 9۹44 (000)? llo izo Cost) yn, MSF ورون‎ MPa | | Pma 
e ma ge gun | 
eyes N eT 
| 
1 
| 
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Problem 9 [3] 


13.119 A cubical box, 80 cm on a side, half-filled with oil (SG = 
0.80), is given a constant horizontal acceleration of 0.25 g parallel 
to one edge. Determine the slope of the free surface and the press- 
ure along the horizontal bottom of the box. 


Given: Cubical box with constant acceleration 
Find: Slope of free surface; pressure along bottom of box 


Solution: Basic equation Vp + pg = pa 


0 0 0 
11 56 ——P + ال‎ = pray ——P + P-By = Pray -—P + P:87 = pa, 
Ox Oy Oz 
We have ay = ay gx = 0 ay = 0 By = 78 a, - 0 8, = 0 
Hence = -SG-p:az (1) ô p = -SG-p-g (2) 25 = (3) 
Ox Oy Oz 
From Eq. 3 we can simplify from p = p(x,y,z) to p = p(x,y) 
: : — _0 0 
ence a change in pressure is given by dp = —p-dx+—p-dy (4) 
Ox oy 0 
0 ox a 0.2 
At the free surface p = const., so dp = 0 = 2 p:dx+=p-dy or Bos esto E 
x dx ھم‎ g g 
—P 
d a 
Hence at the free surface um —0.25 
dx 
The equation of the free surface is then y = ED and through volume conservation the fluid rise in the rear 
4 balances the fluid fall in the front, so at the midpoint the free 
surface has not moved from the rest position 
For size L = 80-cm atthe midpoint x = E y- E (box is half filled) E = ول‎ +C C= a y= 2 m 
2 2 2 42 8 8 4 
Combining Eqs 1, 2, and 4 dp = -SG: pra, dx - SG: p-g.dy or =p =-SG-p-ayx-SG-p-gy +c 
5 5 5 
We have يږ حم‎ When x=0 y= ri so Patm = ره‎ +c C= Patm + PE E 


5 5 x 
P(x,y) = Patm + ار‎ e1 په‎ X ey) = Patm + SGP: ZE L-- z 


"a 
k 5 kP 
On the bottom y =0so  p(x,0) = Patry + SG. pg — کے‎ = 101 + 0.8 x 1000. × — ? x 9.81-— x | 2x 08m- & | x 2 
4 m kg: "a 0 10°-Pa 


p(x,0) = 105 — 1.96-x (p in kPa, x in m) 
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SHELTS 5 SQUARE‏ ناه 
G SHCLTS 5 SQUARE‏ 


42.381 $0 SHEERS د‎ SQUARE 


Problem 14 [3] 
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Problem 4 


Given! Soft drink can at outer cage af merry-go-round. 


2 اج‎ e 


to 0.3 rev (sec > 


Find: (a) Slope of free bA 
(6) Spin rate to Spirt | 
C) Likelihood of Sp ng VS. Sipping 


Baste equañon : Vo 227! m pá, ape ee -rw وم س‎ | 
E + dde See 2p, — par = pr? | 

= obs) 
33 ٢ 8 - ef 3$ وم‎ = “ê 
Assumprons: (Rigid -body mo hen, (2) gr =o 6) نو‎ (4) ~ 4 
ThA p -DU-3) so dp < Lar +32 as 


== س‎ — x 


dp =0 along Free surface, So dz م و٣٢ ة‎ lr? rut 


w= 03 rev, 27 GB ے‎ 1,88 rad/s 
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Ste 2 
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| Solution: Asst rigid- body medion 


۰ A 
70 Spill , Slo EER be [ja Ao = ito / - jS | 


RE 


HEETS $ SQUARE 
HEETS 5 SQUARE 


HEETS 5 SQUA 


Part 1/2 


Problem *3.125 [4] 


Open-Ended Problem Statement: When a water polo ball is submerged below the surface in a 
swimming pool and released from rest, it is observed to pop out of the water. How would you 
expect the height to which it rises above the water to vary with depth of submersion below the 
surface? Would you expect the same results for a beach ball? For a table-tennis ball? 


Discussion: Separate the problem into two parts: (1) motion of the ball in water below the pool 
surface, and (2) motion of the ball in air. above the pool surface. 


Below the pool water surface the motion of each ball is controlled by buoyancy force and inertia. 
For small depths of submersion ball speed upon reaching the pool surface will be small. As depth 
is increased, ball speed will increase until terminal speed in water is approached. For large depths, 
the actual depth will be irrelevant because the bal] will reach terminal speed before reaching the 
pool water surface. All three balls are relatively light for their diameters, so terminal speed in 
water should be reached quickly. The depth of submersion needed to reach terminal speed should 
be fairly small, perhaps 1 meter or less.’ 


Buoyancy is proportional to volume and inertia is proportional to mass. The ball with the largest 
volume per unit mass should accelerate most quickly to terminal speed. This probably will be the 
beach ball, followed by the table-tennis ball and the water polo ball. 


The ball with the largest diameter has the smallest frontal area per unit volume; the terminal speed 
should be highest for this ball, The beach ball should have the highest terminal speed, followed by 
the water polo ball and the table-tennis ball. 


Above the pool water surface the motion of each ball is controlled by aerodynamic drag force, 
gravity force, and inertia (see equation below). Without aerodynamic drag, the height above the 
pool water surface reached by each ball would depend only its initial speed.” Aerodynamic drag 
reduces the height reached by each ball. 


Aerodynamic drag force is proportional to frontal area. The heaviest ball per unit frontal area 


(probably the water polo ball) should reach the maximum height and the li ghtest ball per unit 
frontal area (probably the beach ball) should reach the minimum height. 


Fp 
M سا کار مه په‎ x = dv 
P T XE, Fp -m4 = may má 
ei "1 ٢ "م ۸ے ه‎ 
و‎ 


- GAtey* -/ + m g > £n peor 
— DA iev*. a dV o yi G) 
| Viv msg 
Separating variables / + 7۶7 y? ced 
ma Z 
mM Pood Y |? - - 2 a ip COA | ے‎ 
La tegrating , Sb, Aw [1 + Clee z ] pe D 72. Zz ] F mox 


The initial water depth required to reach terminal speed may be calculated using the methods of 
Chapter 9. 


The maximum height reached by a ball in air with aerodynamic drag may be calculated using 
the methods of Chapter 9. 
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[4] Part 2/2 
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Problem *3.125 
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Problem 6 [4] 
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& 5 EGLIARE 
د‎ 5 5QUARE 


Problem 7ط7‎ 


Open-Ended Problem Statement: The analysis of problem 3.120 suggests that it maybe possible 
to determine the coefficient of sliding friction between two surfaces by measuring the slope of 


the free surface in a liquid-filled container sliding down an inclined surface. Investigate the 
feasibility of this idea. 


. Discussion: A certain minimum angle of inclination would be needed to overcome static friction 
and start the container into motion down the incline. Once the container is in motion, the 
- retarding force would be provided by sliding (dynamic) friction. ‘The coefficient of dynamic 


sini _. friction usually is smaller than the static friction coefficient: Thus the container would 

223895 1 1 incline This. : : "E 
کرت‎ .. continue to accelerate as it moved down the incline. This acceleration would provide a non | 
ار‎ zero slope to the free surface of the liquid in the container. ] 
dÊ | 
He In principle the slope could be measured and the coefficient of dynamic friction calculated: In 

ERR y practice several problems would arise. | 
11 


To calculate dynamic friction coefficient one must assume the liquid moves as a solid body (i.e., 
that there is no sloshing). This condition could only be achieved if there were minimum initial 
disturbance and the sliding distance were long. 


۳ 
^ National “Brand 


It would be difficult to measure the slope of the free surface of liquid in the moving container. 


Images made. with a video camera or digital still camera might be processed to obtain the required 
slope information. 


ZFy * N=mgecosó ; N mace | 


2 Fx = MASING Fe = may j Fe = AM ږ د‎ 14 tni 
m > : 
7 e ay = 7 Stab و‎ 6936 =g (S108 “Ap Cosa) | 


For stahe liquid “Vp +p} = pA 
~3P + Pg sine “PA ud (sie مهس‎ B) j 2b = PGA COS 
0 
TE - دزم يم‎ "ER es = -p9 s6 
For the free Surfact, dp w E oly +P dy -0, á 9 ZE Ph, 


x Pb 
hth dy = jn SF ارت‎ t tan”! (ttn) 
dx Pg 4050 : 


Since IF Was necessary, to make the contare slip ده‎ the surface, 


e Enn! (prs) > tan”! (ty) = له‎ 


Thus ACB, AS shown in tht Sketeh above. 
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Problem 4.1 


4.1 A mass of 3 kg falls freely a distance of 5 m before contact- 
ing a spring attached to the ground. If the spring stiffness is 400 
N/m, what is the maximum spring compression? 


Given: Data on mass and spring 
Find: Maximum spring compression 
Solution: 
: x N 
The given data is M = 3-kg h=5m k = 400-— 


m 


Apply the First Law of Thermodynamics: for the system consisting of the mass and the spring (the spring has gravitional potential 


energy and the spring elastic potential energy) 


Total mechanical energy at initial state E = Mgh 
1 
Total mechanical energy at instant of maximum compression x E) = Mg (-x) + run x 


Note: The datum for zero potential is the top of the uncompressed spring 


But Es = E» 

1 2 
SO M-g-h = M-g-(-x) + E 
Solving for x s 2-718 اي‎ 2-718 11 _ 0 


m 


x= 3kgx9.81-= x 


j + 2 x 3kgx 9.81-— x 5-m x 
2 400-N 2 


5 


400-N 


3-kg x 9.81-2 x 
کې‎ 0 


2 
m 
N | 
Note that ignoring the loss of potential of the mass due to spring compression x gives 


x= j= x = 0.858m 


Note that the deflection if the mass is dropped from immediately above the spring is 


x = 0.934m 


2.M- 
y د دې‎ 
k 


x = 0.147m 
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A... 


Problem 4.2 


Given: Six-pack cooled fam 2ST to S in freager. 


Find: Change n Speci entropy. 


the Tda equation. 


ofr) 
Taa = Yu + pat 


Solution: Apply 


Bas eg uation. 


ASSUmMmprions! GD Meg lect vo/u me change 


(2) Ligutd properties ara sinitar to water 


Then 


Tada = da = Cy dT 


or 
ar 
= Öp کد‎ 
ola o> 


Int cgrating A 


d-a, = Gr tm) 


= / cad xin (273 #8 +E ye 4190 
kg: Kg K 273425 d 
A. = — 2.29 kT [ka ke 
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[2] 
x = 747m 
t = 23.9s 


Problem 4.3 


4.3 A fully loaded Boeing 777-200 jet transport aircraft weighs 
325,000 kg. The pilot brings the 2 engines to full takeoff thrust of 
450 kN each before releasing the brakes. Neglecting aerodynamic 
and rolling resistance, estimate the minimum runway length and 
time needed to reach a takeoff speed of 225 kph. Assume engine 
thrust remains constant during ground roll. 


Given: Data on Boeing 777-200 jet 
Find: Minimum runway length for takeoff 
Solution: 
: : dV dV -— E . : 
Basic equation FE, = M = M.V.— =F, = constat Note that the "weight" is already in mass units! 
t 


Separating variables M-V-dV = Fedx 


: M.v? 
Integrating x= 
2-1 
1 3 km 80 1-hr a 1 1 Nes? 
x = — x 10 kex کا وور‎ m EK 
2 hr 1000-m 3600-s 2 x 425 x 10 N kgm 
F 
For time calculation w =F dV = tdt 
dt M 
; MV 
Integrating t = — 
F; 
3 km ikm thr 1 1 Ns 
t = 325x 10 kg x 225 — x x x —————— × 
hr 1000-m 56 3 N kgm 


2x 425 x 10 


Aerodynamic and rolling resistances would significantly increase both these results 
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Problem 4.4 


Given: Small steel bai of radius, r atop large sphere of radiis, 
K, begins 7o roll. Neglect rolling ane air resistance. 


Find: Loca tion where bal hoses contact and becomes A projectile., 


Solution: Sim turces 10 Enrhat pastor 


A 
n direchon KC fe 
= ورت س جر‎ 
2-۳ n mg.cos® Mån à Y 
koe A 
يق‎ Rrr) má 
Contact is lost ashen fr, or 
w^ 
yr د‎ DU 
i ed il (Et e 
or 
vis (Rtr)g sS () 


Energy must be co nsecved A here 4م کر‎ resis ance, Thus 
E = maz + my > mglkrr cosa + mY^ = E, = rg. (c) 
Thus tera eriergy tons ide rations 
V2 = 24 (R+r)(I-cose-) (2) 
Combining €gs. | Ana È, 
V* = 2g (ktr)Ui-coso) = (Rte )gcos 
pr z(i-cose) = 2£-Zco$$ = (oso 


Thus Cos6=Z£ and & = Cos" (3) = 49.2 degrees 
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Aleit, 


Problem 4.5 


Given: Auto Skies o Saga i 50 meters on level race wrth t b, 
End: 


in teat Botta. 


Soiton : Apply Mean Serra Alas TO & SUIS IE le Batata. 


` oe ae [4 
Baste egeco Ton s K 2 = (Max = Ww el de 


Alssiamp tions! G) Fe = OW 


— سل 
t= É‏ 0=£ : 
S‏ را ۷ Thea ZF, = ey = mW = W etx‏ 
d F dt? is. E‏ 
mi‏ 50 = له E‏ 
cyt * : d‏ 
in tegrat (y‏ 
E 4 -ugt FC, = adt +V (1)‏ 
JE 2 Fi T It = o |‏ 
at £20. Integrating agar,‏ اح since V‏ 
(z)‏ سی Kom -g,ugt + Wot + Cs, — d “gt + Vo‏ 
SEE zo at £70.‏ 


O) Neglect Gir ncs PE RAE 


ex 
Aloe CLE KEL, qe SO, ana 


i 
É osx rom ED. f, i 
; Vo 
سه پل‎ UC : v. fier a وو‎ 
Á # پو‎ i د‎ ty cun 
. | "urs 
Sd» SY Pa ن3 مې‎ "rho £g. Z, Cvalcuatest ar $c ty i 
z i VA * 4 | 
ر‎ / 4 Er E Vo tg س ج‎ Gad بک‎ + Vo 
CUN 2° on p 
A a MES. 
2 
E = = Í Mo. + Vo" u wile ye 
Z و‎ pl 3 a E ea 
2 m NIE D M RECS ووو و‎ 
Solving, Vaz Fer L )لل‎ 2)۵.6(۹.94/ Som y 24.4 m js 
Lu 3 j gt 1 
or 
VA s وس‎ im x. Am x ROC X MED UA int fy 
0 تی‎ 07 402 rn "HET 


oe 


http://librosysolucionarios.net 


Problem 4.6 


4.6 Air at 68°F and an absolute pressure of 1 atm is compressed 
adiabatically, without friction, to an absolute pressure of 3 atm. 
Determine the internal energy change. 


Given: Data on air compression process 
Find: Internal energy change 
Solution: 

Basic equation òQ - ôW = dE 


Assumptions: 1) Adiabatic so 8Q = 0 2) Stationary system dE =dU 3) Frictionless process 8W = pdV = Mpdv 


Then dU = -ôW = —M-p-dv 


Before integrating we need to relate p and v. An adiabatic frictionless (reversible) process is isentropic, which for an ideal gas gives 


pv“ =C where k=- 
cy 
1 1 1 
kk k1 x! 
Hence v=C -p and dv=C re -dp 
1 
1 1 k 1 
dU k1 k -C° k 
Substitutin du = — =-p-dv=-p-C .— dp = ——- d 
8 M p p k p p 7 p p 
Integrating between states 1 1 Et Fi 
p ER FIS ok k k 
C k k| C P1 P2 
Au = ——-| Po -P1 = سال‎ - 
k-1 k-1 P1 


م۲٢‎ 
T 
BR 
EB 
j 


But E ta مگ‎ Kp =pv=R,,-T 
k-1 
k 
لن څل‎ p 
Hence Au = ca 1 2 E 
k-1 P1 
From Table A.6 Rair = 53.33. bË and k = 1.4 
Ibm-R 
1.4-1 
1 ft-Ibf y” 4 ft-Ibf 
Au = — x 53.33- x (68 + 460)R x || — -1 Au = 2.6 x 10 -—— 
Ibm-R 1 Ibm 
Au = 33.4. Au = 1073. (Using conversions from Table G.2) 
Ibm slug 
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Problem 4.7 [2] 


4.7 In an experiment with a can of soda, it took 3 hr to cool 
from an initial temperature of 75°F to 50°F in a 40°F refrigerator. 
If the can is now taken from the refrigerator and placed in a room 
at 68°F, how long will the can take to reach 60°F? You may as- 
sume that for both processes the heat transfer is modeled by 
0 = k(T — Tamo), where T is the can temperature, Tamb is the am- 
bient temperature, and k is a heat transfer coefficient. 


Given: Data on cooling of a can of soda in a refrigerator 
Find: How long it takes to warm up in a room 
Solution: 


The First Law of Thermodynamics for the can (either warming or cooling) is 


dT dT k 
M-c-— = -k-(T-T or — =-A(T-T where A = — 
dt ( amb) dt ( amb) M-c 
where M is the can mass, c is the average specific heat of the can and its contents, T is the temperature, and Tmp is the 
ambient temperature 
Separating variables LM = —A.dt 
T - Tamb 
F —At 
Integrating T(t) = Tamb + (Tinit - Tamb):* 
where Tipit is the initial temperature. The available data from the coolling can now be used to obtain a value for constant A 
Given data for cooling Tipit = (25 + 273)-K Tini, = 298K Tamb = (5 + 273)-K Tamb = 278K 
T = (10+ 273)-K T = 283K when t=7 = 7 
rH 
1 t b 1 1h 298 — 278 -4 - 
Hence ign ee x Dx شت‎ A = 1.284 x 10 de : 


T T-T ` 3.hr 6036 283 — 278 


amb 


Then, for the warming up process 


Tinit = (10 + 273)-K Tipit = 283K Tamb = (20 + 273)-K Tamb = 293K 
Tend = (15 + 273)-K Tend = 288K 
: —AT 
with Tend = Tamb + (Tinit m Tamp)'e 
د‎ T B 
Hence the time 7 is T= ENT Sinit amb = نت چوس‎ T = 5.40 x 10s T = 1.50hr 
A Tend 7 Tamb 284107 288 — 293 
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Problem 4.8 [2] 


4.8 The average rate of heat loss from a person to the surround- 
ings when not actively working is about 85W. Suppose that in an 
auditorium with volume of approximately 3.5 X 10° m’, contain- 
ing 6000 people, the ventilation system fails. How much does the 
internal energy of the air in the auditorium increase during the first 
15 min after the ventilation system fails? Considering the auditor- 
ium and people as a system, and assuming no heat transfer to the 
surroundings, how much does the internal energy of the system 
change? How do you account for the fact that the temperature of 
the air increases? Estimate the rate of temperature rise under these 


conditions. 

Given: Data on heat loss from persons, and people-filled auditorium 
Find: Internal energy change of air and of system; air temperature rise 
Solution: 

Basic equation Q-W = AE 


Assumptions: 1) Stationary system dE =dU 2) No work W =0 


Then for the air AU = Q = 85: x 6000-people x 15-min x — AU = 459MJ 
person min 
For the air and people AU = Qsurroundings =0 
The increase in air energy is equal and opposite to the loss in people energy 
For the air AU =Q but for air (an ideal gas) ^ AU = M-c,-AT with M = م‎ ۷ = pe 
air” 
R.: -QT 
Hence AT = = د‎ ae 
Mcoy cy PV 
From Table A.6 Rair = 2869. and Cy = 717.4 
kg.K kg.K 
286.9 6 1 m. 1 1 
= — x 459x 10 و و وول‎ cp cr و‎ AT = 1.521K 
pues 101x10 N 35x10” m 
» : ; : AT K 
This is the temperature change in 15 min. The rate of change is then - 6.09— 
15-min hr 
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Problem 9 [3] Part 1/2 
Given Alucinante beverage cu, Me = z0g, دوا‎ pun, H allo ومو‎ | 


MAXIN Contents level is د‎ | 
when Y y = 3504 mL of هط‎ 


of beverage 15 LOS,‏ د 


| Find: (A) Center of mass, Gay VS. level, A, ld) Plot gts nn iu rmam for 
(6) Level for least tendenty To Fig. can to tia (aat shale) 
(e) Minima Coefficient of Fria hor, as A fune han of 
Ats, for fiell can 70 PP, not Shek, beverage fe rêl n cana. 


Solution: My = SEP Vy = 105.104 zc un? 
x دو اسک‎ Vm, زا‎ = 3729 (max) 


L 
h VL TJ Vac / 3 : 
max ۸ ب شت‎ E. ړت‎ DU m « Em. IO mal. 
A TD? F eb By TOP 
A At any level, تامهم‎ AL 2 4 a Cnm). 322 j T 
1 : hmax ® 2 Me (2) 7 jl توو‎ 3 = S. ACam) 
: 


From mooieat Considerahans, 


sb ol H 
dM = ید‎ tF m اد‎ (3.10) + izolo) | = (S.V T5 * +2400) 


M = Plot me = Sh + ZO 
3.97 b 2490 1 l 
Ge = للد‎ Ch ion) 
LALA YD CA He c 
TI: ORDINES 


nc ————‏ مس س چ 


Tendency te +p Lui H be least then Ye 15 a minimum. Thus 


l 
ELF 2 A = i 
| Jah سلو‎ (567^) , eg ar) SATA UIC _ OI خو‎ E ووه هو‎ 
| 6.2% +40 loaa h uo). Co .44 h + sos? 


Sg 


Using the guadratic try ntl, 


= + / کر و سي‎ + CE. اد‎ ه٥‎ h 
h lat Ha (nin) = 1278 E y ومځ‎ t Wee 2/796 


= 21,2 me Uc rin) 
2 (/.ېله)‎  _a— _— _—_—— __ _ _ 


Plotting, 


CG height, y, (mm) 


0 20 40 60 80 100 120 
Beverage level, h (mm) itext page 
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Problem 4.9 [8] Part 2/2 | 


Drow a tree- tol diA IAT) Ot Jae Carat Tigpina: 


PES = i = ma D 
x F P = 
y Az 
2 Fy = Fp omg >= May =0 | y. 
~ ± Â 
Pa ig | ma 
l Fe $ FA 
Since Fg $ Ls Fy, thin My Fy % mx En 
; To چ‎ 
Summing mentafa about point 7 center 
4 
E 
E E 
t 
2 ML, x Ye PAX E. p, =O rota on 
or Ye Max = * En 


Thess He Pre 
D | 
| | 
Flotting : 20 | 
1 
$ 15 
ES 
2 
$ 10 
2 H 
o 
E | 
9 ! 
= 05 i 
E i 
E 
0.0 


0 20 40 60 80 100 120 


Beverage level, h (mm) 


Foc tht fuel! can with Ye = 53,8 mm, 
! 6S mm zs 
Mas 2 = % MEETS = G, bot 


This va fret, دام رم کا‎ higher tho fhe Lar? 06014 fd deve fep. لو د دوه و د‎ thy مړ‎ 
Lan bal ot tipa; pr ew Slide, 


The Corresponding Acet lera hon 15 Bx "MG = 00572 و‎ 
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"a 
E 
85 
= 
3 
3 
2 
k 


[3] 
ZA 
/1 Control 
+” Y volume 
Qt. 
٢ 12) 
Y ١ 
Pd l 
Ea هر‎ — | > 
> 


1 
ajl " ^ 
+ 252° = 33.37 + 25k 

0 


Problem 4.10 


4.10 The velocity field in the region shown is given by 
v= azj + bk, where a = 10s~' and b = 5 m/s. For the 1 m X 1 
m triangular control volume (depth w = | m perpendicular to the 
diagram), an element of area (D may be represented by 
w(—dzj + dyk) and an element of area © by wazî. 


Find an expression for ٠۰ dA T 
Evaluate f, V + dA,. 
Find an expression for V + dA». 


a. 
b. 
c. 


d. Find an expression for V(V + dA»). 


e. Evaluate f4, V(V + dA»). 
Given: Data on velocity field and control volume geometry 
Find: Several surface integrals 
Solution: 


dA, = —wdzj + wdyk dA, = —dzj + dyk 
dA, = wdzj dA, = 07 
V= (azî + bk) V= (oz + si) 


V. dA, = hoz + sí). E dzj + dyk)= —10zdz + 5dy 


1 1 
E 1 

Í ۷ -dA, = - 10:0 + [say = از سي‎ 5 - 0 
A : : 0 


V dA, = hoz + sk). (dz) = 10zdz 


vv - dA; ) = hoz + sí hOzdz 


Í viv : dA, (- joa sk kozdz = 19 8s 
A, a 3 
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(b) 


(c) 


(d) 


(e) 


[3] 


3 
j 
0 


Problem 4.11 


4.11 The shaded area shown is in a flow where the velocity field 
is given by V = axi— byf; a = b = 1 s7", and the coordinates are 
measured in meters. Evaluate the volume flow rate and the mo- 
mentum flux through the shaded area. 


Given: Geometry of 3D surface 
Find: Volume flow rate and momentum flux through area 
Solution: 


dA= dxdzj + dxd lyk 


V =axi — byj V=xi- yj 
l 1 
We will need the equation of the surface: z = 3— z or y=6-2z 


a) Volume flow rate 


Q= [V -dA= [d - y) (dxdz; + dxdyk) 

= ns ydzdx = [-10yaz - [-10(6 - 2z)dz = — 60z 107? 
00 0 
3 


0 
Q = (-180 + go) 
5 
3 
5 


b) Momentum flux 
pj VW -dA)= م‎ (xi )(ر-‎ yaxaz) 
= »jf (- xy )dzdxi 01٢ 
00 0 
- ا‎ (6 - 2z)dzi + 106م‎ -2z) dzj 
0 0 0 


x? ( 3 4 
= p| -— 6z- z? Vis 10 ور‎ +22") 
d | Des 


= p(-50y18 -9)i + p(10(108 — 108 36))7 


10 


0 


. -Tiet ۱ 
450, +360p | ——— S. if pisin څل‎ 
5 
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Problem 4.12 [2] 


Guess Coie DOME OR 


Kinnear ven Stoic 
QG C. cass cR um OS 
drown 3 mr هکځ‎ ao. 


Fu es are Gono «oe. ¿and 


Mores‏ نتا 


کمک ند اه 


Ke NS Cds Tal e = Sree ' Sa 
ې‎ ea O : pow Sat and AN = خيب‎ 


NS چا‎ 


چک 
Qos ٢ MN | aw‏ 
٣ al‏ و S= e Tat Geass‏ 
Se E‏ سیه Neu‏ د يا ee‏ 


SE wrOW ERS وگ‎ AS IEE, یا‎ e X. PS C A. NY 
Was ST A : 
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cr... á 
2 
MEN National Brand 


Problem 4.13 


4.13 The area shown shaded is in a flow where the velocity field s 
is given by V = -axî+ byj+ck,a=b=2 s 'andc = 2.5 m/s. 8m 
Write a vector expression for an element of the shaded area. 
Evaluate the integrals [V+ dA and [V(V + dA) over the 
shaded area. 


Given: Geometry of 3D surface 
Find: Surface integrals 
Solution: 


dA = dydzi — dxdzj 


V =-axi + byj + ck V =-2xi + 2yj + 2.5k 


3 2 
We will need the equation of the surface: y = 7 xorx= 3 y 


۷ -dA= J, C axî + byj + ck). ayazi € dxdzj) 


3 2 


po 
A 


0 


era ir asar 
gi لل او‎ al de ydy د١ دو‎ w Y 


Q = (- 6a - 6b) 


m? 


سي 
5 


, , , 3 2 3 
We will again need the equation of the surface: y = " X or X= 3 y , and also dy = A dx and a = b 


— axi i + byj T axi f + by) + ck). ayazi - dxdzj) 
axi + byj 4 + ck} axdydz — bydxdz) 


> 


-axi +> 0% + ax ax —dxdz — a کت‎ | 
3 
=| hi axi + —axj و‎ 3axdxdz ) 
A 2 
2 9 22 m 22 N 
fax x’dxdzi — =| [a x?axdzj - 3f f acxdxdzk 
0 2 00 00 


Ja 3 2 
¡- (9) a? X 
0 3 0 


=16a7i - 24a?j - 12ack 
4 


-64í-96j-60k = 
5 


2 


2 
: x 
j — (6 
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[2] 


Kert 


Problem 4.14 


Given! Flaw and CY of Problem 4.12, as shown 


Find: Expression ter kinehe energy Fix throvegh ross — 
Seton (1) tf ۷٧ 


lahega: Kine he energy Flux 1 همر هل‎ as ket = ېچ‎ 
7 


Made! tht velocity Profik as u= vz, Ten 
= ^ = Da , tag Ug i 


P 


Since flous کار‎ Int Fhe ey, Vdd =—udA = -VŽ ur dy 


Substitre ting, 
h 
Be Vr Y = uw 3 
ve J EG evf uray] : p Ue 
- Aa” 
LAŽ LY ول‎ 
"E 
kef a —É dd 


hn. Mu 


C heck. dimensions! 


| ker ]= 3 اط‎ LL. ML quit 0# E us Encray 
9 NE €$ "MC E N Tyme 8 
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EETS 5 SQUARE 
FETS 4 5QUARE 
EETS 5 SQUARE 


Problem 4.15 [2] 


Gwen: ¡ea ANS Gas Loy Nose ONUS ^ A Nong سو‎ 


Mose S. NO 
N= ot = ul E " oe 

a 

Ros Be ne radios A‏ د ودي 


CeNoeNe اعا‎ Ke Nl Sows cote. and- © Qe ong 


Ana p e. Sac EN norra No 
S qe OMNE. 


Seen: دق‎ aNu نم‎ eo S aero, 


SS = cor - Ck QR cpu asx, das اع‎ 


2 M du e 
= ea. X DR Go = UC X \ r- ze 
> 


E 0 - u 
MES NS مېا‎ Ex 2 ï 
S Xe Aw z TEE aho, os SOM 
ap" 
SE so SSA SR یا‎ mv یا‎ 


f EIC = A aea, CGU On ee CA Se ۰ Ar E 
Make s ^w) M 
S y 
= i اسحا‎ = SS coe at Y e \ : 
8. 3 
d (SS دو لا‎ 
E 5 د‎ 1 o q% A 
icit 
Benak نن‎ ٢ 5 = + : t | 
PERO اڅ‎ ٢ i 
B SO aR) E a eoa څ‎ t xcu te نس‎ Lune 
Sas LINT NEUE 
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Problem 4.16 


[2] 
Given’. Ve lots تو‎ pro fi fe ma Circular 12723 
V = ub = Umax اوا‎ 
بر چو چب چو دو چو‎ rr f 
: f : . 2 y? VENTA 
Find : Ex prtsSior} for kinetic COG Ly Flax, kef z pV AA 
i E ^ D 
Solution: V^ «V. V = Umax Rae »j = rax IE y +e) 4 | 
aA = arr de^ € my 
V. dA = Zr Umar | I7] 
Then L Ca 
ef = mar i 
> Z (ı~ 4 6) j paramo ly dr 
E R 
ryt £7 م٣‎ 
= T ax f [i- 305) t 36g) "() "A 
= | th pine 2 
= pu RE |١- د‎ ۱۶ +326)" etm C dé 
f “max Jl Ga) ra (x) de CE) 
2 ! 
= | 8 SENG LACE BES 
ا‎ 
= TR pla E er - fj 
ket = TREU mes kef 
$ 
i — Ó——————— 
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Problem 4.17 [1] 


4.17 A farmer is spraying a liquid through 10 nozzles, Ysth in. ID, 
at an average exit velocity of 10 ft/s. What is the average velocity 
in the 1-in. ID head feeder? What is the system flow rate, in gpm? 


Given: Data on flow through nozzles 
Find: Average velocity in head feeder; flow rate 
Solution: 
>> 
Basic equation > (v-a) =0 
CS 


Assumptions: 1) Steady flow 2) Incompressible flow 3) Uniform flow 


>> 
Then for the nozzle flow > (v.a) = -V teeder “feeder + 10: V nozzle'Anozzle =0 
CS 
2 
H 10-A nozzle Dnozzle 
ence Vfeeder ^ Vnozzle A = Vnozzle 10 D 
feeder feeder 
1 2 
ft 8 ft 
Vfeeder = 10-— x 10x | 7- Vfeeder = 1-56-— 
2 
TD 
feeder 
The flow rate is Q = Vfeeder Afeeder = Vfeeder 4 
ft m 1-ft 2 7.48-gal 5 
isa ٢ = سه شه‎ Q = 3.82-gpm 
s 4 12-in کې‎ 1-min 
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Problem 4.18 [3] 


4.18 A cylindrical holding water tank has a 3 m ID, and a height 
of 3 m. There is one inlet of diameter 10 cm, an exit of diameter 
8 cm, and a drain. The tank is initially empty when the inlet pump 
is turned on, producing an average inlet velocity of 5 m/s. When 
the level in the tank reaches 0.7 m, the exit pump turns on, causing 
flow out of the exit: the exit average velocity is 3 m/s. When the 
water level reaches 2 m the drain is opened such that the level re- 
mains at 2 m. Find (a) the time at which the exit pump is switched 
on, (b) the time at which the drain is opened, and (c) the flow rate 
into the drain (m/min). 


Given: Data on flow into and out of tank 
Find: Time at which exit pump is switched on; time at which drain is opened; flow rate into drain 
Solution: 


a >> 
Basic equation =Mgy+ 2- (o. ۷ -0 
Ot 
CS 


Assumptions: 1) Uniform flow 2) Incompressible flow 


>> 
_ 8 ( | 0 0 dh 
After inlet pump is on —Mcy + > p-V-A/ = —Miank 7 P Vig Ain = 0 Miank = PAtank c = PViri Aj Where his the 
Ot CS Ot Ot t level of water 
2 in the tank 
dh Ain Din 
d Ma C Vin D 
tank tank 
2 
Hoyt Pog: ( D 2 
exit exit | “tank 1s 3-m 
Hence the time to reach hexi = 0.7 Mis teyit = = . texit = 0.70» =.— x | ) texit = 126s 
dh Vin | Din 5m \0.1-m 
dt 
: : 0 ( 7 A) a 
After exit pump is on Moy + 2" p:-V-A) = m Miank =P Vin Ain + P^ exit Aexit = 0 Atank Gy = Vin Ain? Vexit Aexit 
CS 
2 2 
dh Ain ۷ Aexit Din Dexit 
7 Vin C "exit, . — 'in| 4 |  'exit| - َ 
dt Atan Atank Diank Drank 
H he ti TT (harain 2 hexit) (harain E hexit) 
ence the time to reach harain -2mis — tg, = texit + — A 
at Din Dexit 
Vin - Vexit D 
tan tank 
t = 126۰s + (2- 0.7) mx 1 
نأ‎ ۰ m (0.1mY m (0.08-m ^ E 
E | Rem = 3.— × ` 
5 3-m 5 3-m 
The flow rate into the drain is equal to the net inflow (the level in the tank is now constant) 
2 2 
in exit m T 2 m T 2 m 
Qdrain = Vin’ = Vexit a Qarain = x 7 x (0.1-.m) - im x 7 x (0.08-m) Qarain = MEET 
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[4] 


Cool water 


Qcool — 489 gpm 


5 lb 
Mego] = 245x 1077 
lb 
my = s073 
۷ 
x= — 
air 
Pmoist - 1+x 
Pdry RH20 
Rair 


Problem 4.19 


4.19 A wet cooling tower cools warm water by spraying it into a 
forced dry-air flow. Some of the water evaporates in this air and is 
carried out of the tower into the atmosphere; the evaporation cools 
the remaining water droplets, which are collected at the exit pipe 
(6 in. ID) of the tower. Measurements indicate the warm water 
mass flow rate is 250,000 Ib/hr, and the cool water (70°F) flows at 
an average speed of 5.55 ft/s in the exit pipe. The flow rate of the 
moist air is to be obtained from measurements of the velocity at 
four points, each representing 1/4 of the air stream cross-sectional 
area of 13.2 f. The moist air density is 0.066 lb/ft. Find (a) the 
volume and mass flow rates of the cool water, (b) the mass flow 
rate of the moist air, and (c) the mass flow rate of the dry air. 


Given: Data on flow into and out of cooling tower 
Find: Volume and mass flow rate of cool water; mass flow rate of moist and dry air 
Solution: 


>> 
Basic equation > (p.v.a) =0 and at each inlet/exit 


CS 
Assumptions: 1) Uniform flow 2) Incompressible flow 


Q = VA 


3 


ft ft 
At the cool water exit Qcoo] = ٨۸ Qeoo] = 555.—x b x (0.5-ft)? Qcool = 1.09— 
5 5 
slu te slu 
The mass flow rate is Meool م0‎ Moo] = 194.75 x lm Mego] = 211755 
ft 


NOTE: Software does not allow dots over terms, so m represents mass flow rate, not mass! 


>> 
For the air flow we need to use > (p-v.a) =0 to balance the water flow 


CS 


We have =0 m, 


1 n = = 
Mwarm * cool + My y = "warm ` "cool 


This is the mass flow rate of water vapor. We need to use this to obtain air flow rates. From psychrometrics 


where x is the relative humidity. It is also known (try Googling "density of moist air") that 


lb 
Pmoist = 0.066 


ft 


We are given 


For dry air we could use the ideal gas equation Pdry = zr but here we use atmospheric air density (Table A.3) 


Ib 
ft 


slug slug lb 
Pdry = 0.002377: Pdry = 0.002377. —— x 32.2. — 


ft te slug 


Note that moist air is less dense than dry air! 
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14331 o 
m.: = — 
alr hr 


Ib 


m,;. = 5073 x 
hr 0.354 


alr 


19404 = 
m M یې‎ 
moist hr 


using data from Table A.6 


x = 0.354 


0.066 1+x 


0.0765 1 85.78 


+x 
53.33 


0.0765 — 0.066 


85.78 
0.066. .0765 
53.33 


SX leads to 


Hence 


Hence 


Finally, the mass flow rate of moist air is 


http://librosysolucionarios.net 


[1] 


Problem 4.20 


4.20 A university laboratory wishes to build a wind tunnel with 
variable speeds. Rather than use a variable speed fan, it is pro- 
posed to build the tunnel with a sequence of three circular test sec- 
tions: Section 1 will have a diameter of 5 ft, Section 2 a diameter 
of 3 ft, and Section 3 a diameter of 2 ft. If the average speed in 
Section | is 20 mph, what will be the speeds in the other two sec- 
tions? What will be the flow rate (ft*/min)? 


Given: Data on wind tunnel geometry 
Find: Average speeds in wind tunnel 
Solution: 


Basic equation Q = V-A 


Assumptions: 1) Steady flow 2) Incompressible flow 3) Uniform flow 


2 2 
Between sections 1 and 2 Q=VyA,=Vq = VA) = Vy " 
D1 ] gy 
Hence V2 = Vy] — V> = 20-mph-| — V> = 55.6mph 
D, 3 
Dı gy 
Similarly V3 = Ve V3= iom (2) V3 = 125mph 
3 
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Problem 4.21 


421 Fluid with 65 Ibm/ft* density is flowing steadily through 
the rectangular box shown. Given A, = 0.5 f2, A2 = 0.1 fé, Aږ‎ = 
0.6 f, V, = 10/ft/s, and V; = 20/ ft/s, determine velocity V3. 


Given: Data on flow through box 
Find: Velocity at station 3 
Solution: 
>> 
Basic equation y (v-a) =0 
CS 
Assumptions: 1) Steady flow 2) Incompressible flow 3) Uniform flow 
va) 
Then for the box > V-A] = VA +V7A7+V3Az =0 
CS 


Note that the vectors indicate that flow is in at location 1 and out at location 2; we assume outflow at location 3 


A A 
1 2 ft 0. 0.1 ft 
Hence Va-Yq—-—Vy— V3 = ipu poe V3=5- 
A A3 s 0.6 s 0.6 5 
ft 
Based on geometry Vy = Vysin(60-deg) ۷ = 433— 
5 
٥ 6م ینو‎ ۷-25 E 
ye 3 cos (60-deg) yr 
nd ft ft 
V3 = د دا‎ 
5 5 
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Problem 2 [1] 
4.22 Consider steady, incompressible flow through the device y 
shown. Determine the magnitude and direction of the volume flow L. " N As = 0.02 m? 


V = 3 5 وې‎ V, = 10 m/s 
A, بس‎ Az = 0.05 m? 


3 


Q3 = amm. 
S 


rate through port 3. 


A) = 0.1 m 
Given: Data on flow through device 
Find: Volume flow rate at port 3 
Solution: 
>> 
Basic equation 4 (v.a) -0 
CS 
Assumptions: 1) Steady flow 2( Incompressible flow 3) Uniform flow 
>> 
Then for the box > [ara = Vy Az ! Vy A», ! V3 A3 = VA ! VA) ! Q5 
CS 
Note we assume outflow at port 3 
m 2 m 2 
Hence Q5 = VA = VA) Q3 = m x0.1-m — ur x 0.05-m 
The negative sign indicates the flow at port 3 is inwards. Flow rate at port 3 is 0.2 m/s inwards 


http://librosysolucionarios.net 


[1] 


Problem 4.23 


4.23 A rice farmer needs to fill her 5 acre field with water to a 
depth of 3 in. in 1 hr. How many 6 in. diameter supply pipes are 
needed if the average velocity in each must be less than 10 7 


Given: Water needs of farmer 
Find: Number of 6 in. pipes needed 
Solution: 


Basic equation Q = V.A 


Assumptions: 1) Steady flow 2) Incompressible flow 3) Uniform flow 


where n is the number of pipes, V is the average velocity in the pipes, and D is the pipe diameter 


1-hr 
3600-s 


Data on acres from Googling! 


n = 7.69 


5 5. acre- 0.25-ft 5 5-acre-0.25. ft : 43560-ft^ 
1-hr 1-hr 1-acre 


3 
Q- 151. 
S 


2 3 

4 1 
n=-—x : x x 151% 
v 10-ft 0.5-ft 5 
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2 


Then Q= p pes 
4 
The flow rate is given by 
Hence n= ZR 5 
T-V.D 


Hence we need at least eight pipes 


Problem 4.24 [1] 


4.24 You are filling your car with gasoline at a rate of 5.3 gals/ 
min. Although you can't see it, the gasoline is rising in the tank at 
a rate of 4.3 in. per minute. What is the horizontal cross-sectional 
area of your gas tank? Is this a realistic answer? 


Given: Data on filling of gas tank 
Find: Cross-section area of tank 
Solution: 


We can treat this as a steady state problem if we choose a CS as the original volume of 
gas in the tank, so that additional gas "leaves" the gas as the gas level in the tank rises, OR 


as an unsteady problem if we choose the CS as the entire gas tank. We choose the latter Inflow 


: ( > H 
Basic equation — Mg + -V-A} =0 
٩ AMCV Se 
CS 
Assumptions: 1) Incompressible flow 2) Uniform flow 


Hence ô M = a ( male Q 
et cv =P dt 2: P p 
CS 
where Q is the gas fill rate, A is the tank cross-section area, and h is the rate of rise in the gas tank 
3 : , 
Hence A= Q A= 5.3.2 x ZH x EN x = Data on gals from Table G.2 
dh min 7.48-gal 4.3 in 1-ft 
dt 
A = 1.98 ft” A= 285 in This seems like a reasonable area e.g., 1 ft x 2 ft 
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units 


Accumulationrate- 1400. — 


hr 
units 


r 


Problem 4.25 


4.25 For your sink at home, the flow rate in is 5000 units/hr. 
Accumulation is 2500 units. What is the accumulation rate if the 
outflow is 60 units/min? Suddenly, the outflow becomes 13 units/ 
min: What is the accumulation rate? At another time, the flow rate 
in is 5 units/sec. The accumulation is 50 units. The accumulation 
rate is —4 units/sec. What is the flow rate out? 


Given: Data on filling of a sink 
Find: Accumulation rate under various circumstances 
Solution: 


This is an unsteady problem if we choose the CS as the entire sink 


0 22 
Basic equation —Mcy + 4 (ova) =0 
5 CS 


Assumptions: 1) Incompressible flow 


E >> 


Hence —Mcy = Accumulationrate= pi Lov] = Inflow- Outflow 


Accumulationrate= یه‎ 


al CS 


Accumulationrate= Inflow— Outflow 


: units units 77 
For the first case Accumulationrate= 5000-—— — 60. —— x 
hr min hr 
units units 60-min 
For the second case Accumulationrate= 5000-—— — 13-—— x 
hr min hr 
For the third case Outflow = Inflow — Accumulationrate 
units units 
Outflow = 5- — (-4)- 
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Problem 4.26 [1] 


4.26 You are trying to pump storm water out of your basement 
during a storm. The pump can extract 10 gpm. The water level in the 
basement is now sinking about 1 in./hr. What is the flow rate (gpm) 
from the storm into the basement? The basement is 25 ft by 20 ft. 


Given: Data on filling of a basement during a storm 
Find: Flow rate of storm into basement 
Solution: 


This is an unsteady problem if we choose the CS as the entire basement 


0 > 1 
Basic equation —Mpey + .۷۰۸)( =0 
٩ AMCV 3 
CS 
Assumptions: 1) Incompressible flow 


>> 

Hence لا"‎ = MIL = 93 (ava) = P-Qstorm 7 P*Qpump where A is the basement area and dh/dt is 

ot dt CS the rate at which the height of water in the 

dh basement changes. 

or Qstorm = Qpump : BC 

Qstorm = 10. El — 25-ft x 20-ft x "E: x ا‎ x E. Data on gals from Table G.2 

min 12 hr fe 60-min 
Qstorm = 15.2 gpm 
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Problem 4.27 


isity is 4 Ib/ft*, the 


4.27 In steady-state flow downstream, the der 


velocity is 10 ft/sec, and the area is 1 fé. Upstream, the velocity is 
15 ft/sec, and the area is 0.25 ft^. What is the density upstream? 


vAut Pa Va Ag =0 
p لے‎ 10, 1 

u^ 4—X*— 
te 15 5 
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Given: Data on flow through device 
Find: Volume flow rate at port 3 
Solution: 


>> 
Basic equation 2 (v-a) =0 
CS 
Assumptions: 1) Steady flow 2) Uniform flow 


Then for the box >, [nora] = -py V 
CS 
Hence Py = Pd ue 
uu 


Problem 4.28 [2] 


4.28 In the incompressible flow through the device shown, ve- 
locities may be considered uniform over the inlet and outlet sec- Flow سطا للسم‎ 


tions. The following conditions are known: A, = 1 m^, A> = 0.2 1 
m?, A, = 0.15 m?, V = 10e7 m/s, and V; = 2 cos(2xt) m/s (t 0 oh G 
2 


in seconds). Obtain an expression for the velocity at section (3), 
and plot V3 as a function of time. At what instant does V3 first be- Flow 
come zero? What is the total mean volumetric flow at section (3)? 


Given: Data on flow through device 
Find: Velocity V3; plot V3 against time; find when V3 is zero; total mean flow 
Solution: 


> > >> 
Governing equation: For incompressible flow (Eq. 4.13) and uniform flow | VdA = 42 ۷۰۵۸ - 0 


Applying to the device (assuming V3 is out) VpA4-7VyA5* V3-A3 = 0 


t 
2m 2 m 2 
10-e .—x0.1:m + 2-cos(2-7-t)-— x 0.2-m 
VA + هر۷‎ 5 ( ) 5 
V3= = > 
A3 0.15-m 
t 
The velocity at A3 is V3 = 6.67-e 5 + 2.67-cos(2-Tt-t) 
The total mean volumetric flow at Az is 
oo 
t 
oo === 
2 m 2 
Q= | Vy3'Ag dt = ٢ + "nm e (Sm ) 
0 0 1 
t 
2 1 
Q= lim |-2-e e + ——-sin(2-7-t) | = (22) = 2m Q= 2m 
t — oo ST 
The time at which V3 first is zero, and the plot of V3 is shown in the corresponding Excel workbook t = 2.39-s 
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Problem 8 


4.28 In the incompressible flow through the device shown, ve- 


locities may be considered uniform over the inlet and outlet sec- Flow سطا لسع‎ 


. " . ge 2 
tions. The following conditions are known: A, = 0.1 m^, A) = 02 


m‘, Az = 0.15 m, V, = 10e ^? m/s, and V; = 2 cos(2x1) m/s (t - a= 
in seconds). Obtain an expression for the velocity at section (3), S | 
and plot V3 as a function of time. At what instant does V3 first be- Flow 


come zero? What is the total mean volumetric flow at section (3)? 


Given: Data on flow through device 
Find: Velocity V3; plot V3 against time; find when I’; is zero; total mean flow 
Solution: 


t 


2 
The velocity at 43 is V3 = 6.67-e ~ +2.67-cos(2-114) 


HAJA (m/s) 
| 0.00 | 933 | Exit Velocity vs Time 


0.30 4.91 
0.40 3.30 
0.50 2.53 

2.78 
0.70 3.87 
0.80 5.29 

6.41 
1.00 6.71 


[110| 7 
des 


The time at which V, first becomes zero can be found using Goal Seek 


CO] VA) 
000 | 


V 5 (m/s) 
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— Problem 4.29 سا‎ 


Given! Dil flow down elned plane. 


2 مرک 
E)‏ یحص an‏ 


Find: Mass flow rate per unió width. 


Soluhon: At the dashed cross-section, m = fpuda 


dA x urls, where ar = width 


A 
Y = e sit z ES sinó h 
m Le ce lhy- کرو للم‎ £5 T (hy - 2) ardy 
V . Pasa h IA 
yA GERD g] ف مسوم‎ pga 
KC P ad 2 we 3 DAA 
+ Pres 
m, y = P3506 A3 "m, 
d g 
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Problem 4.30 


4.30 Water enters a wide, flat channel of height 2/1 with a uni- 
form velocity of 2.5 m/s. At the channel outlet the velocity distri- 
bution is given by 


E 
ll 
| 
سي‎ 
- 
pm. 
N 


Umax 


where y is measured from the centerline of the channel. Determine 
the exit centerline velocity, Umax. 


Given: Data on flow at inlet and outlet of channel 
Find: Find Umax 
Solution: 


Basic equation f pv -dA=0 
CS 


Assumptions: 1) Steady flow 2) Incompressible flow 


h 
h 
Evaluating at 1 and 2 —p-U-2-h-w+ | p-u(y) dy = 0 
-h 
-h 
3 3 
h h 4 
3-h 3-h 
2393,55, = 3.752 
Hence "max 7 POE 2" Me “max 5 ^ E 
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Problem 4.31 


4.31 Water flows steadily through a pipe of length L and radius 
R = 75 mm. Calculate the uniform inlet velocity, U, if the ve- 
locity distribution across the outlet is given by 


> 
n 
u = as = = 


and Umax = 3 m/s. 


Given: Data on flow at inlet and outlet of pipe 
Find: Find U 
Solution: 


Basic equation f pv -dA=0 


CS 


Assumptions: 1) Steady flow 2) Incompressible flow 


R 


Evaluating at inlet and exit -o-U-m- R2 t | p-u(r)-2:7-rdr = 0 
0 
1 
Umax G - Lr?) Ro U 
1 m 
Hence “= 3" ue 
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Problem 4.32 [2] 


Gwen: Incompressidote flow 1a a diverging Channel, که‎ shown. 


End: Express Vos in terms of 7 


Solution: Apply conservation of mass using tht CV Shown. 
()ځ ۵ه‎ 


Basic equation: j| - £f, pd* 2 eV ‘dA 


Assump tions: (1) Steady flow 
(2) Un ifie e fios at Section 1 
(3) Intompress ible وتار‎ 


Then p= (a, tf paray 


M H 
Sire A, FASTH, then VrH 2 V, COS 12) wdy zo sur 
2 


WH > n) | د‎ EA aE] = “ent 
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Problem 4.33 [3] 


4.33 The velocity profile for laminar flow in an annulus is given by 
7 2 


An» a, E-R_R, 


[t] t 


R =r In 
4uL| ° ] In(R/R,) > r 


where Ap/L = —10 kPa/m is the pressure gradient, /٤ is the viscosity 
(SAE 10 oil at 20 C), and R, = 5 mm and R; = | mm are the outer 
and inner radii. Find the volume flow rate, the average velocity, and 
the maximum velocity. Plot the velocity distribution. 


Given: Velocity distribution in annulus 
Find: Volume flow rate; average velocity; maximum velocity; plot velocity distribution 
Solution: 
و‎ > Q 
Governing equation For the flow rate (Eq. 4.14a) and average velocity (Eq. 4.14b) Q= | VdA Vay = 7 
The given data is Ry = 5mm R; = 1mm SB - E ska u = 0.1 = (From Fig. A.2) 
2 2 : E 
ZA Ro -Rí/ [R 
u(r) = piles Ro i — dn — 
4 pL Ri r 
In| — 
Ro 
Ro 
The flow rate is Q = | u(n-2-T-rdr 
Ri 
(1-13 
Considerable mathematical manipulation leads to Q = APT (n. - nj) SS o o ¿O (r? + Ry’ 


2 271 2 2 
Substituting values: Q = A (019) N . m (2 ,3( m | 5-1 (2,,).( m. 
8 2 1000 8 1000 
m-m In 


0.1-N-s 
1 
5 m mL 
Q = 1.045x 10 — Q = 10.45.— 
5 5 
8 Q 1 5 m 1 1000 + m 
The average velocity is V = — = —~———__ Vay = =x 1.045x 10 ~-—-x | —— Vay = 0.139 — 
av A 2 2 av T 5 2 2 m av 5 
T4|Rg -Ri 5-1 
2 2 2 2 
The maximum velocity occurs when du d | -Ap 2 2 Ro -Ri Ro Ap Ro -Rj 
—202—|——|Rg -r * )اس سسا‎ — = ——— | -—24q--————— 
In| — In) — ^r 
0 Ro 
r= r-2.73mm Substituting in u(r) Umax = U(2.73-mm) = 0.213.3 
5 


The maximum velocity using Solver instead, and the plot, are also shown in the corresponding Excel workbook 
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Problem 3 [3] 


4.33 The velocity profile for laminar flow in an annulus is given by 
Ap | 471 ABE MT 
u(r) = E دی چو سا‎ ———L—q— 
4uL In(R/R,) r 
where Ap/L = — 10 KPa/m is the pressure gradient, 4 is the viscosity 
(SAE 10 oil at 20 C), and R, = 5 mm and R; = | mm are the outer 
and inner radii, Find the volume flow rate, the average velocity, and 


the maximum velocity. Plot the velocity distribution. 


Given: Velocity distribution in annulus 
Find: Volume flow rate; average velocity: maximum velocity: plot velocity distribution 
Solution: 


0.000 Annular Velocity Distribution 


5- 


0201 cee 
0.210 E 
i 3 4 


^j 
1 
0 | 7 7 : : 
0.00 0.05 0.10 0.15 0.20 0.25 
US 


The maximum velocity can be found using Solver 


http://librosysolucionarios.net 


Problem 4.34 e -— pa 
Given: Taw- dimensional redac 103 bend A$ shoni. 
Find: Magn tae and director of unter velocity at See tan (3). 


Solution: Apply conservation of mass Using CV SAHAN. 


Basic equatien: 
=0(0 


٥ = یا چو‎ gov v]. go ea 
Asstemptons | (1) Steacky Flow 


(2) Incompress ¿ble Flow 
(3) Up ifm flow at O ana ® 


Then -— 
| 0 إل‎ JE + VA, + Vs 
i 
or — — - — o E ^, 4 
Va ‘As = d V, rel i - MA = +f Vi سن‎ LS dy T V, athe 
کچ‎ — Jat A, 
Vs ‘As = M man E ] — Vs tra وغهد د و‎ -V ها‎ 
ib E fe 
Set ish. Ue SHIR. say 


Since Va Az <0, Flow at is into the CV tian 


Thes Ny As __ -ل ۵۶وا‎ Veurhs دل‎ ahs Les ft/s 
ay iar bsf” 
کےا‎ EA 1 
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وو 


E 


: aed 


خو نا 


Problem 5 pix 


Gwen: Werec ond ES Re uso E A Sqpase SECON Sean. 
eoa = حلا ې که‎ ^. S وا‎ A یا‎ SD mn 
Finds Vin 


ose S A nes. xi کله‎ 


AROS 


Ws No "(GN $ Kod 
E O 
Duo (ouo AO 


Ken 


— 


O= EN x ¡CESA 


۳ 
و د‎ C AY wy Ak 


We که‎ S. اد در‎ acron Le کی‎ (^ ws neos 
Vis Veo. == AS WF TV ma - Sank WE Snot اع‎ = 
Tow S $ E ere Na Ak = De eK CERERI 


5 Tu Y 


ونا 
OG ^ me SS MR‏ 
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Sa LON Seay conser نای‎ x TNS Nc Qe CA Moon . 


433 
42.3 
| 42.3 


۳ 


لس 
on‏ د د شريد ید 


[2] EP 


Problem 4.36 


Gowen, Moe Kous V هم‎ porous Cound ما‎ al dian eve 
“Y= = ho en . Yu Re ave NN. 


V Cas Lores 
Wwe X= io whine, Flas cxi, X A SOUPE 
UM یئ‎ co. dod amd cte 3 ود‎ 


یحی 
٢‏ ٢ج‏ یسه E‏ 


ALE O. a mis and Num OSO‏ پش 
ده We SNO SES Koo Cove a 3 made Qe Na: ox.‏ سا 
AS © l D‏ یشک 


` 1 | 
Rok *q pabon, O Ke RSS e . ۸ ae | | ae 


ss un hs 5 Steady. Luo 
ON es US 


یا 


Cu (AG AC 
ex ېک‎ S Wu 
m hal A. x " ۴ ند‎ zie چیه‎ dn 


1 
a4 
A 
JI, 

4 
pu 

4 
fe 
E 
ped 
p 9 

t 
n 


if 


can - ak ا‎ 


N25 Ea, Mor „o E = qx D. Gon ورو‎ « SS که هتړ‎ 
v * iM 
NA 


= a.g X _ alo ke a 
ue HUE A ماد‎ s pu 
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SHEETS $ SQUARE 
ETS 5 SQUARE 
HEETS 5 SQUARE 


EMEN Problem 4.37 [2] - 


Gren. ۹ ۲ سل عطا‎ accumuloior, desaned No reduce, S 
* UE geri E E 

Find, Rode AL کل‎ ecco Nd ex e ze M سېا‎ No 
DOL: | 5 1 
Use Re conical | 


تا پور مل 


Y= 1.25in. 


Reba it = 
— تت‎ V = 4.35 15 


o = 5,75 gpm —» = 
deese | 
m o: اچ‎ em MES 
چی‎ ca 


E£T& 5 SQUARE 
EETS 5 SQUARE 
FETS 5 SQUARE 


no ox sua)‏ یې کټا ¿NY‏ عم سکوی 
ad R= cora‏ 


/ 
ma Pa 


Tak. 
Oz =. Ma) په‎ s E VR " EARL 
WA Ag So = ES S 3 = ANA Ne مل ده‎ 
i | | ges SS ME 


So Q= AC E SAS ري په‎ 


SYN 
خو‎ € (S Ma. 


Moto 4 وک‎ qe e] 

x» MSS vos m Fu 

> Ma Î Sua, or ND )سه ود‎ A. 
TA mao َال اڅ س‎ 


(sess xS خم عم‎ A Re اګ‎ 
Swiee ess Ra هو‎ 
DA پل‎ " mE - 1 INE ANA 
ACC RRR هڅ‎ GO ° 


ES ME Yas X 
SEEN S à Mes oy A Sud . ESAS dog 
ST SGA as A OM ۵ ES T 
= TE 3X 
Wet = - BARRO = on D. gos M 
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[2] 


1 


0.4-m? 


dP tank dP tank Pexit VA Pexit VA 
Hence Viank ^ + Pexjt VA = 0 =u = — 
dt dt Vtank Rair TexitV tank 
dP tank N Lm Y 1 kgK 1 
a ے‎ 300% 10° — x 956- « 100mm | == | 0 By 5 
dt uc 5 1000-mm 2869 Nem  (-20+273)-K 
kg 
dp 3 
BE - -0.258.—— The mass in the tank is decreasing, as expected 
Hence dt 5 


Problem 4.38 


4.38 A tank of 0.4 m? volume contains compressed air. A valve 
is opened and air escapes with a velocity of 250 m/s through an 
opening of 100 mm” area. Air temperature passing through the 
opening is —20' C and the absolute pressure is 300 kPa. Find the 
rate of change of density of the air in the tank at this moment. 


Given: Data on airflow out of tank 
Find: Find rate of change of density of air in tank 
Solution: 


Basic equation 0 ea [oV AD 
at c, Cs 


Assumptions: 1) Density in tank is uniform 2) Uniform flow 3) Air is an ideal gas 
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Problem 9 


[2] 
¡E : ASB Le Nok Brody a \ 
= ype ia Flee d. A Nue ere d qa Nue. 
Poco S arn 


EE 


Tnd: A e ده‎ 8 Q. SS than 


D EN سوا سرو‎ 
OS o.55 
Sedition: 


Los se ONETO RS soi E o diímed os GN . 
Cu x Ned y SA = Zarr ond ېه‎ WS Ran 


=e es. E i (SY seas = ~ 3 St ac‏ = = د غ 
CN‏ نادو y LSO‏ دا 
E M "‏ 


NS canse xS ON AO کل‎ ross Na Se as سل‎ 
“bas eg een i o= IA Rem " ( NS ES 


eso eene. CY me Na AFT emer 


ws Re Cx 
ah a = 23V S د‎ —— rm 
O = A SX. Sr Ra oa Sy ددد پد د‎ 
y = غه‎ 
o= Y EN + x (od “RTS 
= 1 ٢ N 
D. AN e CRM o 7 3 Uwos ond Hence 
a 2. 
Ss) zova 3 S مهتم‎ ٩ O.O 0 MA E | 
aX $ AS) تو د‎ 5 Loa Bow mw : 


d == qw پامه‎ 
aw 


A 


| ds 
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mm. 


y 


2f 


= 2,56 "د‎ slug fka.) 


Problem 4.40 [2] 


Given: Arc ftoco through tank with 
Conditions shown at time ta, 


V= /5 ft fs 
A, = 4,24? 


1 20,03 Sfc 
f t 


Find ; £ in tank at time ta. 


Solution: Apo Conservaten of mass, Using Cv Shon. 
a * ; 72 à وت‎ 
Laste 83e. o T07) , Ó “SJ pay PLI 
v e 


nn , : , : E 1 
Assumptions: O) Density 1$ UAIFI in tank , SO xf pdw = E (rv) 


(2) Flow 4$ ta form at inlet ado outlet sections. 


Then a —» — — 
o = Rr) t AV +R 
a d a 
Me $ 
û = fo Sa v LE ري‎ A, / + lover] 
or 
fo "J 2 YA, /- fo V. Av 1 
ato y 
Sib sti tex ting لم ورز مو‎ s 
of, / 7 - 


at 


A ae o —Á 


¿mete since fe so, mass A Hank Dercases. f 
EM c COM 
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[2] rare ue 


Problem 4.41 


Grier, Res was Nos NA dar eS SONG Wm Uo wer | WAS FDA 


VT که‎ ENS اچ ېټ‎ ٤٤ ones Xo an کمک‎ Na =e 
duos rs VO SAO , Nevers Ve Mo. کلیا یا‎ LA 


ES که‎ nos Eu 0 


Re = tooo. we Ks یې‎ I ese mo weirs a 
Mos. m 


Find, Re cote of ۍک‎ 


Sauk NE x 


TNE د دوو‎ eC سیا‎ SES ke CX خیب‎ Hada York aná JAN 


“Dose ټوا‎ ven: E EN SN ES NS 


pores EE NEC WS د‎ 


eat of Age‏ نه pe QN we cs ae‏ دمننا 
Ne Kos‏ نو une‏ دي 


ES, کي‎ REA, De e We RE Va ET 
(Coe f AREY 
که‎ E 


3 ( Sole Mas EN 


“Maen 


€) zx 


: 
dm 2 AS SY. 
A کي‎ 


ES EN Sa Qe Shinn aK Re 
a Qe xd 


WV D 
Tor VERST که‎ TO PE ae NE (Vode at) 
مد‎ 
Nas DOnt k VaI - Aro. * =. ODS ۳ 
wac يا‎ BS NOT vA 
“E E a 

m uN xy Qo 0 SA ګل‎ (L 38 ES, NA VM 

ABO AA CBO ۷ ER‏ ها دا 7 ٣٣‏ د چه 
NE EN : EE‏ ۹هت = و په 
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T 80 SHEETS 5 SQUARE 
2 100 SHEETS 5 SQUARE 
# 300 SHEETS 5 SQUARE 


4 
B. 


E # 
EN : 
i صن‎ 


Problem 4.42 [2] 


Given? Cine ten tank, with D= Ye draining through a hale 
(a 14S botom, Fluid 1s water 


Find: Rate of change of water level 
ar the instant shown. Cv» | 


Sofa fon / پم‎ Conservator) of mass : | 
7o CV shown. Note section È | 
Curs be low free surface , So Va m 
Corresponds To free surface 
veroc ry j Volume of CV /s Constant. 


=OCr) 


Bast. eguation: O = -1/ لالم‎ +f D 
ev cs 
Assumptiorls i G) Lacompress ote Flow, So CUS Petey TMI is 


ero, Since volume of CV ک/‎ Fixed 
C) Unifarvn Slow at Each section 


Then m 
Q = ٢ ۷٧ A, + FW Az mx 777 , مې‎ Va: AL 
and = . : 
V. ^ = س‎ M — پمې‎ 4.0 kg m t 3 
و‎ Az د 3 د و‎ 7 0.004 ms 


3 4 د۷ 
Ves Ivi. a, . 0.005 m^ th / = 4.05 66 m/s‏ 


ae‏ دوو 


Za. s CF" (5,3) m 


The water level ٤5 falling at $6. mm/s. 


RON nm TIS S 


چب 


Ye مه‎ 7 f 7—56.L$ mm/s 


Kd 
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Problem 4.43 [2]. 


Given: Lake being ies at 2,000 cubic fett per second (cfs), 
level fa 7 at | ۸۶۸۶١ per رو‎ Morena f Flow pate. 1&4 290 CFS. 


Find: (a) Achial می ھم‎ rare during Arama (galls). 
(5) E sh mate SuUrtace Arta bf. ۰ 


Q = poo fr? . roof? 748 ga) _ 1.50 x ۳۳ gal/s R 
s S fr 
Apply conser vahan of mass using CV Shown: | 
CY 
Q a. MEM d (0 


Basie eguanon i OF 2. [ pd +f ev JA 


A ssumptton: Oe =constaat 


dt dt 
But AQ- 1,710 F3 fs and dh fat رواد‎ a hr, دل‎ ERAD: 
و يی‎ oe NT, She x Bbo 3. a سل و‎ 4 
Snee laca = 43,600 77*, 

Ae ووهه‎ HY, E کو‎ 1, 130 Acres 


Sree. ¦ square Auk = Uo ALS, the lake Sir tai anta د‎ 
Slightly less than 2 square miles ! 
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Lo hato: Convert arx 


E£T& 5 SQUARE 
EETS 5 SQUARE 
FETS 5 SQUARE 


IrIr 
iui 


- 
A. ^. 


Problem 4.44 [8] Part 1/2. | 


CA CORES Nas, dd 
ot Sores 
کو څې که‎ Ae 
Finds. Mores du A A NAA 2 سو د‎ 
RAA Y N o SS ES = کا‎ ¿im 
SS Maz ro es 


aes us ٢ Soc > £ vat ÑO‏ کل 


oe = OA 


So 1 Do”, 
SS اا دد د‎ oo tars SEA CX ip 
‘Bos ve eq polos |: O= Se Ge کوې‎ E - = . AÑ 

ES De Son‏ زک ورتا کا en st.‏ لا ود 8ه 


EN Gm A etus Koo که‎ ecc. Sec Uo 
(EN MIER ve غه ېی‎ eh ^o RS 


Cor Ke CA. & = Ma SN " SM a ex 
zo> 2 


I A Qe Needs es S £- ك‎ Al اه‎ 


S ES E 
p 5 ES Ret 1 v EN 
eg E s 


NU Nom NQ Sec 
ES sas oaea E e = DABA Ax ON 
For د‎ =o, اغ‎ a 
- joe Sue Fa 
= کا‎ LS o ٤ 
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Nx په‎ 
و د‎ SW L7 WN بد د په‎ CR 
Re esos a IEA NS 5 A اک‎ 
cS — = = a 
Na ES کو‎ 


Bi agg National “Brand — 15 
"m 42-3 
47-3! 

423 


5 کد‎ Problem 4 [3] Part 2/2. | 
Tor Ae = OMAN) Sas مع‎ | 
z 

E = i \- E oe el 
ES GS 

NE igen eC DA ys SR NL 2 SENT چا‎ \ qu 
. تا« دا‎ and کي ه‎ KO 


: aoe OWA aná 2 £X S ro 


Yo (m) = 0.1 0.3 1 Did (---) = 2 5 10 
Time, t (s) YlYo(-)  ylyo(--)  ylyo(—) Time, t(s) ylyo (==)  ylyo(---)  ylyoC-) 


0 1.006 1.000 1.000 0 1.000 1.000 1.000 
2 2 0.739 0.845 0.913 0.5 0.316 0.865 0.965 
à 4 0.518 0.703 0.831 1 0.016 0.739 0.931 
E 6 0.336 0.574 0.752 1.1 0.001 0.716 0.924 
2 8 0.193 0.458 0.677 2 0.518 0.865 
* 10 0.090 0.355 0.606 3 0.336 0.801 
12 0.025 0.265 0.539 4 0.193 0.739 
14 0.000 0.188 0.476 5 0.090 0.680 
16 0.125 0.417 6 0.025 0.624 
18 0.074 0.362 7 0.000 0.570 
20 0.037 0.310 10 0.422 
22 0.012 0.263 12 0.336 
24 0.001 0.219 14 0.260 
26 0.180 16 0.193 
28 0.144 18 0.137 
30 0.113 20 0.090 
32 0.085 22 0.053 
34 0.061 24 0.025 
36 0.041 26 0.008 
38 0.025 28 0.000 
40 0.013 
45 0.000 
Level Ratio vs. Time for Tank Draining Level Ratio vs. Time for Tank Draining 
1.0 
0.8 
1 0 
E: 506 
> = 
2 S 
E 8 مه‎ 
o o 
0.2 
0.0 
0 5 10 15 20 
Time, t (s) Time, t (s) 
sl ses 
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Problem 4.45 [3] Part 12 


Garren n Cader: hu Nes SÁ X pas Pa که‎ RN 7 


یا غه Tans‏ 


iN oe .‏ & کې 


Vu. E LON ښک‎ PETEN Ras Nes CV 


dbo A = LO «c l 50m 
SABE: Agnes چا‎ Ue Me د‎ Se | 
NS Lame دال‎ E | 


Es sS a Sands 
¿Bego <= o of و‎ Sha- 5 mm 
Wk IS as per V=/294 


Coe Ow a uae a ډه‎ 


SÁ moss usa CX UA :‏ که و conser‏ سوت 
>= ولا > 8 : : 
SS S ee sess : Qc e ٧ Qe n SONS‏ 


Wesce e ens EE SS سو فا‎ erecto په‎ ٣ 
CEN BS Cow OX اعم‎ Se NON 
D nege Ross وف عمي ححی‎ a و‎ 


For Woo. 89 = په‎ 
a E a 


ás AQ NEN e ere c TENE Ars SN, 


or > 


A 

Ss Ed C Ra و‎ * Rao SN = Me په‎ " b E 
په‎ oe e Ma : 

= uer Vea, ao 

AS sig Wd As A iso څې ملا‎ 


3 
le S uy “ا‎ Ma E 


EN AN al EEN is y ک٨‎ 
Ema ng À us POS ds 
Ls رد‎ E e n - cone aye sto ios 


Vie LAs Sha کم‎ a usd >£ SM e ENS. 
WAT Ny Od Go Parani په‎ | 


Separa oo “OS کل‎ 
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[3] Part 2/2 


Problem 4.45 


Draining of a cylindrical liquid tank: 


0/0 20 
Time, ٤ (s) 

Did = 20 10 
0 0 
2.89 0.723 
5.86 1.47 
8.91 2.23 
12.1 3.01 
15.3 3.83 
18.7 4.66 
22.1 5.53 
25.7 6.44 
29.5 7.38 
33.5 8.36 
37.6 9.40 
42.0 10.5 
46.6 11.7 
51.7 12.9 
57.1 14.3 
63.1 15.8 
70.0 17.5 
78.1 |^ 19.5 
82.9 20.7 
88.7 22.2 
96.2 24.0 
114 28.6 


Time vs. Depth Ratio for Cylinder 


Depth ratio, yly o (---) 
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Input Data: 
Initial height: 
Diameter ratio: 


Calculated Results: 


Level, y 
(mm) 
400 
380 
360 
340 
320 
300 
280 
260 
240 
220 
200 
180 
160 
140 
120 
100 
80 
60 
40 


Time, t (s) 


E 
3 
* 


نو 


Das 


Problem 4.46 


Given: Aer “ews مالک‎ Be S eK d camcer Ao Aa چ‎ 
Cde SARA پد که‎ Wee مه همک خی هه‎ 
Ve Pound EU e یه‎ rM o که‎ Wo 
Come e feo Spud e Rs 
A= ع)‎ Na Linera ES “Re. EAT Ig M oe. Re. 
y Gene) Oo a 


^ 


We De kh ېیب‎ amd Se CEN eO ding dander 


Qe Pork ek NEUE BUS‏ پا د د سن 
os Lena y adune Kons rie Keon Qe Meo, e Kol‏ 
unes‏ پک Sora‏ اک an voe‏ له د dss eae Nee. Xe‏ 


ace. Ven | 


Sic: Mes de Qe Al drown, 
Bos. qu e EN ې دود‎ ES 
همهن‎ x p س‎ A ms Sa cn. d 
BEES 
د له‎ Us * Sos <RA A 
Qui XA, = هم‎ x . 
Bor = Lara Za O. EN E اه‎ oo ay e 
See Sie e MES SW 


Econ د "ود‎ 
که‎ Wes 
S s EM 
wk = = osea of ‘eas, «4 Lb X $ SÊ 


Oa., R= ES " NR Mie cy 


ES‏ د د دل و و m‏ په Sw Nore‏ ې څک 
T Goo z TN x. m‏ موه = دک 
همه : A se = S‏ 
XS‏ - مکحد TE WA QC‏ 
5 سه سنا Ww "Ae. cot NND‏ پ 
AROS‏ ېه هماما al DDD NE‏ : 
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| Wren 


3 SQUARE 
ETS 5 ÉQLIARF 


ETE 
ETS 5 SQUARE 


لالا 


Problem 7 [3] 


Given: Contcol Funnel draining through Small hole. D = 70 mm 
Ve = 1 | a 


Find: Rate of change of surface 
level when ty = Hfz. 


Solution: Apply Conservation of mass, 


( Choose Cv with Jp Jus beto Surface level. 
=pli) 


Basic equo dog: TE N الم‎ gi eV: JA 


Assumptons: C) p =consiant, y - Const, sobt -0 MEE mm 


(2) ٨۰ Hous at cach Schon, y 
e 


For Cv): 0 = ns] +1 +] Ve Ae |} or Vs = Ve a 
in Dut 
Vs = Ve) = = [294 8 ge = در بل ېا‎  - 4 (since y dec rea tex) 


- y - 0.010m 


Thus 


Subst PNG 


Es 8 -4 ja. £i m. ٨ سوه‎ looo mm . — 9.01 mms 
se 0.076 ri m 


Aternate sluten: Cheose C v )enciosing ente tunnel. 
Basic CGUGTION! 22 EJ لم‎ an م۷٨‎ 
Assumo tros ؛‎ RP but Y Changes (Mote: پل‎ = Z rtp ه ځا‎ cone.) 


: Megltct euo 
O Uniterrm Flow at outlet Section 


1 رو‎ fent or E دوو‎ 


The lume of Mm ¥ rh = 3 (gtocs) y i Buen 

áo dV . Tu?4a s dg qp /Dd4 and TD? = SS rd* 
d cw me OCTO and ER dy --WA cc fg CP | 

Finally, Since یا‎ Hiz, du d Hagalo + as beferc. 


Note: Floco 1s Not Steady ejer Cv. The lo LON VAL shes fry CV fı) 
becouse there is n0 Change m MASS 108 ele the CV. | 


http://librosysolucionarios.net 


دند THIRD S PR‏ وسو ودې ې بح د عا ar‏ نوي FPA TE‏ وریږ دې ودغ د 


ETE 


CL 


Problem 4.48 


Given: Steady Flow of water past a porous flat plate. Suction 
is constant. Velocity profile at Section cd 13 


g ^8 
me 3(4) +203) 


Find: Nass floc rate across Section éc. 
Solution: Apply conservation of mriass using the CY اک‎ 
Basic equation: 1 


EL, =3 mis 


o = Bl eso + fu a L 


Asseem ptions t (D) Steady Flow LY MM 
(2) Incompress bie Flow = D.2 mms v 
ES) V =-% Í along da 


Z HO 


w=15m 


Then 
د‎ TA + ree das 


: د‎ NC 


Des. | 
= ؤ کاملام‎ - -gusus | BG- e(ž) JIE) - اما ورم‎ 


= Pur f u.s - wsl iG eG) -1 L} 
= pus | Und در وت‎ CF - zl) 7 Y L] = Pur (0.3 lios - UL) 


x 499 k9 , Em 2.3, 8 غو‎ 010018 m _ 9.0008 21. x em) 
ms S 5 


Mop = 1.42 kgís (>o, so put of cv) 
ne ا‎ 


http://librosysolucionarios.net 


5 د‎ SQUARE 
& 5 SQUARE 
5 5 SQUARE 


Qc 


Problem 4.49 [SH—— 


Given: Shady mtompressible flow of air 2n porous sienta 
Shown in Fig, P4.48., Velocity prof / at dounsitamn end 
is parabolic, Unify Suchen 15 apgoled aig ad. 

Find: (A) Vo line flew rate across Cd, 


(b) Whaene flow rare through portas Sear fct lad), 
(€) ble X oca rate across bc, 


Qv 
Solution: Apply ص5٠2‎ Y. =3 ms x arr 
of mass to CY shown, y E Bn d 
Basic equa hon: سا‎ ۳۳٣٢٢٢٢٢٠٢٢١ iue 
A 2060. =- ت‎ | ¥= -0.2/ mms 
028, eov + PVA بت‎ 


Assumprrons ؛‎ (Y Intompressible Flots l T 
(2) Fara bo lic por /e AE Sect Cal? 5 - 22) Xe 
cb 


Vei EL A 
es 


á / / 
—- —» it kA & n "EM Y 
Qog » WA 2! ا‎ u د پال‎ “bs E oa ers | | ¿si 
i 
M de e T. 
Gea = Ex LS P BOOS 777 وب = 7 ګر‎ 10 ls (out Df cv) 
m 


loll eros ad iS tanitrrm,20 


Bad = VA UU) = “Tur 


Gag = - 24 22, | Mm | m 


a æo xo m/s lout of Cv) 
ion? ¿an 


Finally ; from EG , i 
Bee = “Bab “Aad “Oda (2) 
But Rab = UnA = Ust * wS CE) - له-‎ ٤ Ue 


f | 
Qab == LE MgO DIS ٥7 3ي‎ m a — GS xi m/s (pato cv) 
5 
عطا ريه‎ rfi ^1% رت‎ 
Û be =[- (- (SX io 7) — یا‎ 50x p> -~b.c0%107*] m?js 


Qu. = LLS x<0 mjs (out غو‎ cv) E 


http://librosysolucionarios.net 


oa وچ ود‎ qe Eta et ede inn AH — 


Problem 0 [4] 
Given: Tank 9 brine with steady met stream of water, 


Ta rtial density کا‎ Fi > Pro: 


Find: (a) Kate of change of liquid density in tank. 
(by Time required t0 reach density, fa, hert > fe > fio 


Solution: Apply conservation of mass using the CV Shown, 


Basic eguation: 


0 = 11 vay d 7 څل‎ 


Assumptions: O) Hg py = constant 
(2) p uniferm وړ‎ tank 
(3) Un form f/ocxs at 
Inlet and outict sections 
Then V, A = V. A Sunc, tank volume ts "0 t aad 


Mout 


= چو‎ | pdt + ۷۸م‎ -Pipo VA = eot (Emo VA = ¥ t rua 


de - (e- fuo) VA 
at à T 


Separat ng Var tables, 


i v 
Integrating from ص‎ at t=0 to fp Ott, 
ify d pt 
SF o E, a] 9 Khao AS Vas iste MATS 
^ P -Co م‎ (£s pod) j Y dt v 
Fina. ity, 


1 Note that fe > Fro asympto realig as X ژبه وا‎ 
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Part 1/2 


Problem 4.51 


Gases : Fore ce Meg pod ATO V 
AR : a. Seal Mae eC l 
du sae AES A = Sewn Corea, SN 
aS AN s ES دا کا‎ ۷ 


As NS | 


e ore san ec Tes a 
Ne AS 
مکیل‎ aea ee. TES ord 
د‎ ARS LON Qe Laos vole. 


SA 4۳ BAGS A tapo 


5 وه الاب کات 


YEMA o E 
— © 
LotR, 


AS OC. Ror ar Y es 


Sdvhion 


Sega, Cena ss Des et. ووه‎ Es LEAN cd So 
ES een S= = NM XS پد‎ C. vi : د‎ 


Messung LS 3 S Anco rege e Sos 


vs A acu ak mec ees‏ چم کې کا کی 


CEN Ve deci. OE compared e ya 
: A ae. xe S xeGy S 
= pr 
Se SEEN ¿ÓN + NO 
"vs ak aly = § ES à 
Tor $e له‎ > 3 


a 
Oa wase = Staa” 


Ga pos uma S Oc ONG x A 1 NS SS x 
تا ود‎ EE. o 
AS Gon yo & tse No o AN, 


A په‎ BGS = کنا‎ > 
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T V 


Wank. ie کنا‎ LENA Cox Wate. No àrun 


3 
"Brand $$‏ لو سا 


KS 


[4] Part 2/2 


Problem 4.51 
BA CAS ٢ Nen ® ES 
E 


and به‎ WAS + RTT ې‎ ho 


ee 


È si. Ay 
TE Rad کیل کا‎ S 
3 ES > a 


Vea, A ید‎ E x 
ETC حپ؟‎ d عا ې‎ Coss -— NE 
bu osse ES "E: کد‎ 8 sh 
= Véa Xx E = A Tea, 
pS ee ASA وس هم عم‎ of do "S Sos. garonin 
Draining of a conical liquid tank: 
input Data: 
Orifice diameter: d= 3 mm 


Calculated Results: 


Drain Time, t (s) 


Initial Cone Half 
Height, yo Angle, 0 60 45 30 15 

(mm) (deg) 
300 5935 1978 659 142 
275 4775 4592 531 114 
250 3763 1254 418 90.0 
225 2891 964 321 69.2 
200 2154 718 239 51.5 
175 1543 514 471 36.9 
150 1049 350 417 25.1 
425 665 222 74 15.9 
100 381 127 42 9.14 
75 185 62 21 444 
50 87 22 7 1.61 
25 12 4 1 0.285 
0 0 0 0 0 


Time vs. initial Depth 


Time, t (s) 


0 100 200 300 
Initial depth, yo (mm) | 


is uM. a i 
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Problem 02 [4] Part 1/2- |‏ دی و 
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ea Problem 4.52 [4] Part 2/2 | 


cu A 
SESS. مه‎ pow FO 2! 
نا‎ E > QN e RRA تد ووا‎ S 
Po 
e SR R o ADA Laia ES . 
CAS Re * aria Radar 
-ه سا‎ 0,03 Ane xw 
WES ucc 1 تم‎ E 
EN EN 
aná 
E EE E 5 re um س م‎ ٢ "EL | 
: E کک‎ ox TA a0 P دع‎ 
J 2 No A. 
ess tole. co Way = Sa Aa ieee EE 
^e. © 
o oX ua gnus Re اا - نک‎ gas Rea © سر کد‎ sata زا‎ Can 
WAS Bo > R= hook TA Re = aaa Rk له دي‎ SS 


E TET ot re co ¿reis a Nayar وت پټ‎ Nees 
OS CI oS GR e ase دوو‎ SES 


Tire Pressure vs. Time 


Ruie-of-Thumb 


Tire pressure, p (kPa) (gage) 


Time, t (days) 
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Problem 83 


453 Evaluate the net rate of flux of momentum out through the 


control surface of Problem 4.21. 


Given: Data on flow through a control surface 
Find: Net rate of momentum flux 
Solution: 


Basic equation: We need to evaluate f VoV .dA 
CS 


Assumptions: 1) Uniform flow at each section 


A = 0.1-f7 A = 0.6 ۷ ng It is an outlet 
2 3 3 " 


From Problem 4.21 ME 10. É A4 - 0.5-ft? V) = 20-— 
5 5 


Then for the control surface [. VoV -dA= V pV, A A +V, pV, R A, $ V, pv, : A, 
=ViplV, -A)+V,jplV, -A )+ V, sin(60)F -V, cos(0); o(V, - À.) 
= -VÍpV,A +V,jpV,A, + [V, sin(60)i —v, cos(60) ov, A, 
= p|-V2A, +V2A, sin(60)f + p[v?A, -V2A, cos(60)]j 


Ib 
5. x (C103 0.5 + 52x 0.6x sin(60-deg)). = = ~2406 bf 


^ bts? 
3 x 
ft 5 Hur 


Hence the x component is pk Vw A, +V A sin(60)] = 6 


fi bis” 


— x = ۴ 
ې‎ Ibm- ft 


lb 
65—7 x (20? x 0.1 5 x 0.6 x oie 


and the y component is pv? A, — V? A cos(60)] = 
ft 
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Problem 4.54 [3] 


4.54 For the conditions of Problem 4.30, evaluate the ratio of 
the x-direction momentum flux at the channel outlet to that at the 
inlet. 


Given: Data on flow at inlet and outlet of channel 
Find: Ratio of outlet to inlet momentum flux 
Solution: 


Basic equation: Momentum flux in x direction at a section ER 7. 
ic equati ux in x directi i mf, = | upV dA 
Assumptions: 1) Steady flow 2) Incompressible flow 


Evaluating at 1 and 2 mf, = U-p-(-U-2-h)-w mf; | - 2.p-w-U^h 


i 2 2 : : 2 E i 
Hence mf. = | pu -wdy = P-WUmax ` 1- z dy = P-WUmax ` 1-2. M + e dy 
=n h h h 
-h h 


mo] ور ه‎ ae 
mba] 151 U) 5 ^ 


3 
But, from Problem 4.30 Umax = zM 


Hence the momentum increases as it flows in the entrance region of the channel. This appears to contradict common sense, as 
friction should reduce flow momentum. What happens is the pressure drops significantly along the channel so the net force on the 
CV is to the right. 
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[3] 


Problem 4.55 


4.55 For the conditions of Problem 4.31, evaluate the ratio of 
the x-direction momentum flux at the pipe outlet to that at the 
inlet. 


Given: Data on flow at inlet and outlet of pipe 
Find: Ratio of outlet to inlet momentum flux 
Solution: 


Basic equation: Momentum flux in x direction at a section mf, = f u pV .dA 
A 


Assumptions: 1) Steady flow 2) Incompressible flow 


Evaluating at 1 and 2 mfy1 = up UR?) ¡ms = p.r-U^.R? 
R 
R 
R 3? 3 
2 2 r r r 
Hence mf, = | pu 2-71 dr = 2-p-TU yay ` r-} 1 - 8 dr = ٢ * r-2 D + E dy 
0 R 
2 2 2 i 2 : 
2| R R R 2R 
د = سا‎ ` => + = = PT Unay Ux 
Then the ratio of momentum fluxes is 
1 2,2 
اص‎ _3 Po" Umax zu ES 
mtx pnu R 3) U 
mf EV 
But, from Problem 4.31 Umax = 2۰10 | x) = = = 2 = 1.33 
د‎ 31 U 3 


Hence the momentum increases as it flows in the entrance region of the pipe This appears to contradict common sense, as 
friction should reduce flow momentum. What happens is the pressure drops significantly along the pipe so the net force on the 
CV is to the right. 
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Problem 4.56 
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Problem 4.57 


Cases Nes Bss se OS 
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desti و‎ NTL Pal Le ea دو ع‎ 


Problem 4.58 [2] 


4.58 What force (Ibf) will a horizontal 2-in.-diameter stream 
of water moving at 20 ft/s generate upon hitting a vertical flat 


plate? 
Given: Water jet hitting wall 
Find: Force generated on wall 
Solution: 


Basic equation: Momentum flux in x direction 


F, = Fy + Fp, = = 8 up d¥ + ا‎ u م‎ - dA 


Assumptions: 1) Steady flow 2( Incompressible flow 3) Atmospheric pressure throughout 4) Uniform flow 5) Water leaves vertically 


2 
2 2 TD 
Hence Ri = urp( 1A1) = 10م‎ -A =-p-U و يی‎ 
2 
1 Y "(24 Ibf-s” 
Be يو ات‎ a A R, = -16.9-Ibf 
f° 5 4 slug: ft 
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Problem 4.59 [1] 


4.59 Considering that in the fully developed region of a pipe, 
the integral of the axial momentum is the same at all cross sec- 
tions, explain the reason for the pressure drop along the pipe. 


Given: Fully developed flow in pipe 
Find: Why pressure drops if momentum is constant 
Solution: 


Basic equation: Momentum flux in x direction 
9 —- 
E = Fy + Fp. =< f upd¥+ | u pV - dA 
* * dt “CV CS 


Assumptions: 1) Steady flow 2) Fully developed flow 


E .۸ =0 Ap = ې۵ م1۰7‎ 


Hence F 
پر‎ 7 ws 


where Ap is the pressure drop over length L, ty is the wall friction and As is the pipe surface area 


The sum of forces in the x direction is zero. The friction force on the fluid is in the negative x direction, so the net pressure 
force must be in the positive direction. Hence pressure drops in the x direction so that pressure and friction forces balance 
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Problem 0 [2] 


4.60 Find the force required to hold the plug in place at the exit 
of the water pipe. The flow rate is 1.5 m/s, and the upstream 


pressure is 3.5 MPa. 
0.25 m 0.2m 


Given: Data on flow and system geometry 
Find: Force required to hold plug 
Solution: 
m? k 
The given data is D, = 025m Dy = 0.2-m Q = 15-— Py = 3500-kPa p= .ووو‎ 
2 i m 
711 2 
Then Ay = 4 Ay = 0.0491m 
Ay = (bi : D2) A = 0.0177m* 
لل‎ V4 = 30.6 
Ay 5 
Vins Vj = 8492 
Ap 5 
Governing equation: 
0 وی د‎ 
Momentum F; = Fs, + Fa, = — upd¥+ upV «dA (4.188) 
01 CV CS 
Applying this to the current system 
-F*pqA9-pyA5 = 0 + Vy(-e VrA1) + V2(p-V2:A)) and po-0 (gage) 
2 2 
Hence F= Py Ay + e(vi “AY = Vo Aa) 
kN 2k my? 2 my? 2 
F = 3500 x —0.0491-m + 999.75 x (5052) -0.0491-m — (ms) -0.0177-m F = 90.4kN 
5 5 
m m 
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Problem 4.61 [2] 


4.61 A large tank of height A = 1 m and diameter D = 0.75 m is 

affixed to a cart as shown. Water issues from the tank through a 

nozzle of diameter d = 15 mm. The speed of the liquid leaving 

the tank is approximately V = y/2gy where y is the height from ->y 
the nozzle to the free surface. Determine the tension in the wire 

when y = 0.9 m. Plot the tension in the wire as a function of water 

depth for 0 = y £ 0.9 m. 


Given: Large tank with nozzle and wire 
Find: Tension in wire; plot for range of water depths 
Solution: 
Basic equation: Momentum flux in x direction for the tank F, = Fs + F B = 2 upd¥+ Í u pV . dA 

| " * ot “CV CS 
Assumptions: 1) Steady flow 2) Incompressible flow 3) Atmospheric pressure throughout 4) Uniform flow 

2 
-d 1 
Hence Ry =T = V-p-(V-A) = RN - pey = T= ۹ و‎ )1( 
7 k m 2 = 

When y = 0.9m T = x 1000.Ê x9.81-2 x 0.9-m x (0.015-m)* x T = 3.12N 
From Eq 1 4r 


T (N) 


y (m) 


This graph can be plotted in Excel 
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Problem 4.62 [2] 


4.62 A jet of water issuing from a stationary nozzle at 10 m/s (A; = 


0.1 m?) strikes a turning vane mounted on a cart as shown. The vane CS V 
turns the jet through angle 0 = 40°. Determine the value of M re- y ‘== >= 1 
quired to hold the cart stationary. If the vane angle Û is adjustable, jid 
plot the mass, M, needed to hold the cart stationary versus 0 for 
0 2 0 180°. 
Given: Nozzle hitting stationary cart 
Find: Value of M to hold stationary; plot M versu 0 
Solution: 
d "m 
Basic equation: Momentum flux in x direction for the tank F, = Fs + F, B. = = updY + Í u pV -dA 
l s T ot “CV CS 


Assumptions: 1) Steady flow 2) Incompressible flow 3) Atmospheric pressure throughout 4) Uniform flow 5) Exit velocity is V 


VA 
Hence Rx = -M:g = V-p-(-V-A) + V-cos(8)-(V-A) = p- V^-A-(cos(0) - 1) M= P .)1- cos(0)) (1) 
8 
$7 k m A 2 
When 0 = 40° M= x 1000.Ê x | 10-2 | x 9.1. m*x (1 - cos(40-deg)) M = 238kg 
9.81-m ae 5 
From Eq 1 
30007 
= 20007 
ON 
d 
2 10007 
0 45 90 135 180 
Angle (deg) 


This graph can be plotted in Excel 
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[3] 


Problem 4.63 


4.63 A vertical plate has a sharp-edged orifice at its center. A 
water jet of speed V strikes the plate concentrically. Obtain an 
expression for the external force needed to hold the plate in place, 
if the jet leaving the orifice also has speed V. Evaluate the force 
for V = 15 ft/s, D = 4 in., and 0 = 1 in. Plot the required force as 
a function of diameter ratio for a suitable range of diameter d. 


Given: Water jet hitting plate with opening 
Find: Force generated on plate; plot force versus diameter d 
Solution: 


Basic equation: Momentum flux in x direction 


F, = Fs, + Fg, = = 7۸ upd¥ + 8 upV - dA 


Assumptions: 1) Steady flow 2) Incompressible flow 3) Atmospheric pressure throughout 4) Uniform flow 


(aY| gy‏ ودد و 
x 4 D‏ 


—35.7.]bf 


zip 2 md 


Hence Ry = up: p(7u:A1) + مره‎ (u5:A7) B -pV 


2 2 2 2 
For given data Ri = هړو‎ x (151) x 6 x f - 8 | x brg 
4 ft 5 3 4 


From Eq 1 (using the absolute value of R,) 


4 


307 


Force (lbf) 


0 0.2 0.4 0.6 


Diameter Ratio (d/D) 
This graph can be plotted in Excel 
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Problem 4.64 [3] 


4.64 A circular cylinder inserted across a stream of flowing 
water deflects the stream through angle 0, as shown. (This 
is termed the “Coanda effect.") For a = 12.5 mm, b = 2.5 mm, 
V = 3 m/s, and 0 = 20”, determine the horizontal component of 
the force on the cylinder caused by the flowing water. 


Given: Water flowing past cylinder 
y l^ 
Find: Horizontal force on cylinder E x O | i 
: 1 l 
Solution: 1 C$ 
1 
Basic equation: Momentum flux in x direction 1 
1 1 
: "2 1 1 
F, = Fy + Fy کت‎ upd¥ + | u pV - dA / 1 
i 1 * of 4CV CS 97 1 
1 / 1 
Assumptions: 1) Steady flow 2) Incompressible flow 3) Atmospheric pressure throughout 4) Uniform flow P 0 
Hence Rx = u¡:p:(-41:A7) + uz: P-(uz:A2) = 0 + p-(—V-sin(9))-(V-a-b) Rg = —p-V3.a-b-sin(6) 
2 2 
1 kg m i N's 
For given data Ry = Lu x 22) x 0.0125-m x 0.0025-m x sin(20-deg) x E Ry = -0.0962N 
5 . 
This is the force on the fluid (it is to the left). Hence the force on the cylinder is Ry = -Rx R, = 0.0962N 
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Problem 4.65 [5] 


4.65 In a laboratory experiment, the water flow rate is to be 

measured catching the water as it vertically exits a pipe into an 
empty open cylindrical (3-ft diameter) tank that is on a zeroed bal- 
ance. The tank bottom is 5 ft directly below the pipe exit, and the 
pipe diameter is 2 in. One student obtains a flow rate by noting 
that after 30 seconds the volume of water (at 50°F) in the tank 
was 15 ft. Another student obtains a flow rate by reading the 
instantaneous weight of 960 Ib indicated at the 30-second point. 
Find the mass flow rate each student computes. Why do they dis- 
agree? Which one is more accurate? Show that the magnitude of 
the discrepancy can be explained by any concept you may have. 


Ry 
Given: Water flowing into tank 
Find: Mass flow rates estimated by students. Explain discrepancy 
Solution: 
Basic equation: Momentum flux in y E = Fs, ea Fp, = - - vpdY + 8 1 pV , dA 


Assumptions: 1) Steady flow 2) Incompressible flow 3) Atmospheric pressure throughout 4) Uniform flow 


For the first student my = re where my represents mass flow rate (software cannot render a dot above it!) 
t 
1 1 1 lb 
m, = 194.38 x 1540 x m, = 0.97. 2 m = 31.2: 22 
کې‎ 30-s 5 5 
M 
For the second student m = — where mp represents mass flow rate 
t 
1 lb 
my = 960-Ib x my = 0.9952 my = 3225 
30:s S S 


There is a discrepancy because the second student is measuring instantaneous weight PLUS the force generated as the pipe 

flow momentum is "killed". 

To analyse this we first need to find the speed at which the water stream enters the tank, 5 ft below the pipe exit. This would be a good 
place to use the Bernoulli equation, but this problem is in the set before Bernoulli is covered. Instead we use the simple concept that the 
fluid is falling under gravity (a conclusion supported by the Bernoulli equation). From the equations for falling under gravity: 


2 2 
Viank = Vpipe *2gh 


where V tank is the speed entering the tank, Vpipe is the speed at the pipe, and h = 5 ft is the distance traveled. Vpipe is obtained from 


Vpipe سن‎ 3 
T pipe Tp dpipe 
P 4 
4 Ibm ft? 1-slu 1 à ft 
Vp ee E == Voipe = 22.9— 
PIP 7 5 1.9451 ې‎ 90 1 ft PIP 5 
6 

| 2 ft ft ft 
Then Viank = Vpipe + 2-g:h Vtank = خا‎ +2x 22 x5ft — Viank = 29.1— 
S S 


S 
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We can now use the y momentum equation for the CS shown above 


Ry-W- Y tank P(Vtank Atank) 
where Atank is the area of the water flow as it enters the tank. But for the water flow 


2 
pipe 4 


V tank “tank = Vpipe ^ pipe 
Hence AW = Ry -VW = PViank V 


This equation indicate the instantaneous difference AW between the scale reading (Ry) and the actual weight of water (W) in the tank 


2 2 
1 ft ft 1 lbf- 
AW 2194 735.591.5229 — x Z x| Sat) x AW = 28.21bf 
ft 5 s 4 6 slug: ft 
Hence the scale overestimates the weight of water by 28.2 lbf, or a mass of 28.2 Ibm 
For the second student M = 960-Ibm - 28.2-Ibm 1 7 
M 
Hence m = — where mp represents mass flow rate 
t 
1 slug Ibm 
My = 932-1b x My = 0.966. — m = 31.1-— 
30-s 5 5 


Comparing with the answer obtained from student 1, we see the students now agree! The discrepancy was entirely caused by the fact that t 
second student was measuring the weight of tank water PLUS the momentum lost by the water as it entered the tank! 
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Problem 4.66 [3] 


4.66 A tank of water sits on a cart with frictionless wheels as 
shown. The cart is attached using a cable to a 9 kg mass, and the 
coefficient of static friction of the mass with the ground is 0.5. At 
time ft = 0, a second cable is used to remove a gate blocking the 
tank exit. Will the resulting exit flow be sufficient to start the tank 
moving? (Assume the water flow is frictionless.) 


Given: Water tank attached to mass 
Find: Whether tank starts moving 
Solution: 


Basic equation: Momentum flux in x direction for the tank F, = F. + F B, = 2f upd¥ + Í u pV : dA 
1 : i ot CV CS 


Assumptions: 1) Steady flow 2) Incompressible flow 3) Atmospheric pressure at exit 4) Uniform flow 


2 TD 
Hence Ry = V-cos(8)-p-(V-A) = p V 2 -cos(0) 
We need to find V. We could use the Bernoulli equation, but here it is known that V ١ 18 where h = 4 m is the 
height of fluid in the tank 
V= [2x981 x 4m V = 8.86— 
E 5 
k m E 7 2 
Hence Ry = 1000.5 x تد ا‎ x — x (0.04-m) x cos(60-deg) Ry = 7 
= 5 4 
This force is equal to the tension T in the wire T = Rx T = 49.3N 
For the block, the maximum friction force a mass of M = 9 kg can generate is Emax = ٧٧8٠١ where p is static friction 
m Ns” 
Fmax = 9 kgx 9.81 x 0.5 x mum Fmax = 441N 


S 


Hence the tension T created by the water jet is larger than the maximum friction Fmax; the tank starts to move 
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Problem 4.67 [4] 


4.67 A gate is 0.5 m wide and 0.6 m tall, and is hinged at the bot- CS 
tom. On one side the gate holds back a 0.5-m deep body of water. i " 
On the other side, a 10-cm diameter water jet hits the gate at a V ١١ ١ 
height of 0.5 m. What jet speed V is required to hold the gate verti- =A] 
cal? What will the speed be if the body of water is lowered to 0.25 Water jet : l 
m? What will the speed be if the water level is at the top of the 
gate? 

Given: Gate held in place by water jet 

Find: Required jet speed for various water depths 

Solution: 


Basic equation: Momentum flux in x direction for the wall F, = Fs, + FE B, = Zj upd¥ + Í u pV i dA 
: i ot CV cs 


Note: We use this equation ONLY for the jet impacting the wall. For the hydrostatic force and location we use computing equations 


I 
XX 
F = A "= + 
R = Pe y= Yo AY; 
Assumptions: 1) Steady flow 2) Incompressible flow 3) Uniform flow 
2 v. D? 
Hence Ry = V-p-(-V-Ajet) =-p-V e 


This force is the force generated by the wall on the jet; the force of the jet hitting the wall is then 


2 
Fiet =-R, = ام‎ where D is the jet diameter 
wh? 
I pem 
For the hydrostatic force FR = ppA- "ecd - gu web y = ye? M h 12 LO 
2 2 Aye 2 h 
w-h-— 
where h is the water depth and w is the gate width 2 
h 
For the gate, we can take moments about the hinge to obtain 2 echj ett Fg (h- y) = Fierhiet + FR. - 0 
where hjet is the height of the jet from the ground 
2 TD h 1 2h 
Hence Fret = ۷ = = dum = پس نو‎ a 
2 m 3 1 ^ 
For the first case (h = 0.5 m) V = |——x9.81.— x 0.5-mx (0.5-m) x x 
3m 2 0.01-m 0.5-m 
For the second case (h = 0.25 m) V = ES x 9.81.2. x 0.5-mx (0.25-m)° x V= 182 
3m = 0.01-m 0.5-m 5 
2 m 3 2 1 m 
For the first case (h = 0.6 m) V = [——x9.81.— x 0.5-mx (0.6-m) x x V = 67.1— 
3m 2 0.01-m 0.5-m 5 
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Problem 4.68 


Given: Farmer purchases 675 kg of bulk gran. The grain is loaded 
into a pickup tuck fam a hopper as shown, Grain flow 
ts terminated when the Scale reading reaches the desired 
Gross Value. 

Find: The true payload, D=0. bm اپ‎ 


kg/m? ou ma Yo kg [s‏ زرو 


Solution: Apply thé y Component — = — — 


of momentum equation y (Cy 
using CV shown. 
. X 
Basic équation! 

Ta = oz) 


A E, 7 Veda 
sy * By [, vede +f we 


Assumptions: U) No net pressure force د‎ Fey = 
(2) Neglect U inside Cv 
Then (3) Uniform flew of gram at miet Section (7) 


Ry (mermado = v, í-li if 
p 


or ] 
Ry = (Me و‎ + E (indicated during gra Flow) 


Load ing is terminated wher 


ad 
Ry = My + m. = Ag 
E Nj. ۸ PGA kg 
Thus 
“2 
M, = 67S ka - سلا‎ 
2 27 موم‎ 


= 475 kg -(40)* 254 m? 37 په‎ 
7 Y qi m DEE 


ا ل 
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NATION 


x = —L8I بدا‎ (tle. force on CV is to the left) 
a —— —— ETE E M allarme obey tte ium mme ee Y 


2 


Problem 4.69 


Given! Water flow through a fire hese and اي‎ le, 


rr amr Rustin: 


PN APA 
| 
D, = 78 mm T 7$ U = 25 mm q 
—— | 
Pi? و‎ k fa. (gage) 2 AO Pr = Pat x 
cv 


Final : (a) Coupling اص یا‎ Rx 
(b) Indicate if in tension er compression. 


Solution; Agel Continuity and X Component of momentum EJuation 
Lo mertial CV Show; USE gage pressures t0 Cancel doa go" 


sot) 


Basic CQuatoens: D= Y fav +f EV dA 
^ €v os 


/ ۴ 3 
zo) rots) 


Asscemptions: o) Steady Siow 
(2) Unifarm Hew at Each section 


(3) Tncompressibgle Plow 
E) Fe, "O 


TALA 
O = Eleva) ۶ lena li = -PVA t FAL 
Y Vz A بپ‎ TEN = 32-222 مسبت پر‎ y 2 3 Se mh 
ؤو ړو‎ 
ane 


Ry * Pig A: = ih, E Jeria!) + ka f Ip As 1 


e, =V, da T Va 


Ry = "Pa — V, ئاځ + ۷م‎ As = د82‎ et m £V Aa (Va ~v, ) 


3 2 - i 
س بي‎ D/D XID M x TL (0.0753 m* 9۹۹ kg 32m... T. (0.028) m E ap Mes i 
me uz + ust m E (32.0 ریق‎ Zt × pcd 


Thus the Qoo hne PALL be wn CELINE, 
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Problem 4.70 


4.70 Obtain expressions for the rate of change in mass of the Ul 
control volume shown, as well as the horizontal and vertical 


=< 


4 (Outlet) 


5 


forces required to hold it in place, in terms of pj. Ay, Vi. p». A2, 2 (Inlet) 3 (Outlet) 
Va, pa. Az. V3. P4, A4, Va, and the constant density p. A 
12 
5 
1 (Inlet) * o ۱1۹٤٩٩١١ 


Given: Flow into and out of CV 
Find: Expressions for rate of change of mass, and force 
Solution: 


Basic equations: Mass and momentum flux <| pd¥+ Í pV . dA =0 
dt ICV CS 


3 a 
F, = Fs, + Fy. = i NE ۷م پا‎ -dA 


F, = Es, + Fp, = z bs vpdY + 8 vpV. dA 


Assumptions: 1) Incompressible flow 2) Uniform flow 


For the mass equation + V-A) = —— + p(-V1:4A1 - A) + Vz A3 + ۷ ۰۸٨ ( = 0 
dt 0 En e( pep ogee VgAg Y4 4) 
CS 
dM, 
CV 
وس‎ 5 4 5 Vi 5 
For the x momentum F + —— + —-p):Ay — — Pz: An - — د‎ = 04+ —(-p-Vy Ay) + — ٢٢٢او‎ V5: A 
MET: 139227 5 P3837 qy P44 mt 1 1) 13 2 (=P 2 2) 
4 5 
5 3(P 3 3) 13 3(P 3 3) 
PA 5 4 5 1 2 5.2 4 2 5.2 
Fy = = — —-py-Ay + —:pg:An + رو‎ A4 + P| ——— V4 Ay دمص ولاس‎ — V4 Ag + — V4 A 
x d eo. eo ia A i ee ودد الد‎ ee 
PyAy 12 4 12 Vi 12 
For the y momentum F, + — و حجو‎ A) — — pq An + —-py:Ay = 0+ — (7p: Vy Ay] - — ٢٧٢ سا‎ ٢د‎ 
و لا‎ 13 2^2" y P383*73P4%4 Dp 1 1) 13 2 (=p 2 2) 


ER —V3(p:V3A3) zx S Va( o ۷ 


PyAy 12 3 12 1 2 122 32 12 2 
E, = -— + — pyA5 + =-pg-Ag رون‎ Ag + رلااس ان‎ Ay — = V9 A + ولاس‎ An -Va A 
y B 13 2427 03:43 g3 PEA t P B 1 1 4 2 C2". 3 3 473 


http://librosysolucionarios.net 


Problem 4.71 


Gren, Gresdos نت کلف‎ a هی هم‎ E QC. 
EN ععکه دن‎ Zu یه‎ Saon 


ng e 45° 
Vand. ¡EN Ra KU Se CEN Lor Sue Neo die A NS 
EUN E MER A S ase. ET 
که‎ al ae Cort. Ces الا‎ Suis, y Em" d 


As Neo WA and A= مومع‎ loa 


RA: مه دد { خ ری‎ a Iunie af © 
Cok 658 QNS AND Os Rand. 


ESQ‏ لي 
Xo Ke AN‏ * ېد a a cx ! ٢ N^ ESSI. q por‏ په pcs XA.‏ 
CS = PM DA Bs 7 de as‏ 


EOS د وی‎ y x P QNSE e MS SR) 


. : ^ 
Wess SR, Qu Amapnera NQVESEAMSY, aix MON ak LA Sus ae C. 


wr Fe, = Q 

(EN Read Shen 

Dune ې‎ Mas neral M TU 
S Se San 


po C see orgy Bod څې‎ eS لاح ل اة‎ EN 
Ree a A WR S SRM e waQ Su 


Sm pa لات دا‎ wh a= -A Sum 
AS HEEL A AEWA, 
Ras ~ ew n + ai sa ES m =e ae هم‎ 4 Chad ea. | 
us a = ce mes D E O RA PEE 2 


R 


henio SN LS TER E iri m "ae EM 


Da RN . i o 


of e po NS Ser. E ESQ AS 
400 


! 
Diameter ratio, d/D = 0 


300 | 


200 


100 


Force to hold dish, -R, (n) 


0 30 60 20 
Turning angie, 6 (deg) 
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E 
$ 
2 
E 
E 
e 
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Problem 2 [2] 


4.12 Water is flowing steadily through the 180° elbow shown. 

At the inlet to the elbow the gage pressure is 15 psi. The water dis- t. CS 

charges to atmospheric pressure. Assume properties are uniform x O =~ 

over the inlet and outlet areas: Ay = 4 in.^, A» = 1 in.^, and Vj = 1 1 1 

10 ft/s. Find the horizontal component of force required to hold > " 1 cx 1 

rá } 

the elbow in place. EP J . 

R, ss = I 
یي‎ 


Given: Water flow through elbow 
Find: Force to hold elbow 
Solution: 


Basic equation: Momentum flux in x direction for the elbowF, = Fy. + E, B, = 2f upd¥ + Í u pV : dA 
i ` ot CV CS 


Assumptions: 1) Steady flow 2) Incompressible flow 3) Atmospheric pressure at exit 4) Uniform flow 


2 2 
Hence Rx + P1gA1 = Vr(-P VpA1) - V2(p:V2:A2) Ry = -Pyg'Ay - e(vi A4 +V) A3) 
fs A1 ft 4 
From continuity V):A) = V4-A4 so Vo = Vy— Vo = 10-—-— Vo = 40— 
Ap s 1 5 
2 2 2 2 
Ibf 1 f ft Lf Ibf- 
Hence Ry = 15 x dein” 94.998, (10.81 a +( 40] E DES R, = -86.9-Ibf 
iw کې‎ 5 5 12-in slug ft 


The force is to the left: It is needed to hold the elbow on against the high pressure, plus it generates the large change in x momentum 
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Problem 3 [2] 


4.73 A 180° elbow takes in water at an average velocity of 0.8 
m/s and a pressure of 350 kPa (gage) at the inlet, where the diam- 
eter is 0.2 m. The exit pressure is 75 kPa, and the diameter is 
0.04 m. What is the force required to hold the elbow in place? 


Given: Water flow through elbow 
Find: Force to hold elbow 
Solution: 1 
Basic equation: Momentum flux in x direction for the elbowF, = Fs + F B. = d up dY + Í u pV dA 
1 سو‎ T ot “CV CS 
Assumptions: 1) Steady flow 2) Incompressible flow 3) Uniform flow 
2 2 
Hence R,+ Pig Ay + P2g A2 = Vy(-e VrA1) - ۷) V3) Ry = Pig Ar - P2g A2 - (v ‘A, + Vo A3) 
2 
A D 2 
1 1 mí 0.2 m 
From continuity V5-A5 = ۷۰۸ SO V> وو )رر‎ ٢ — V» = 0.8-—-| — V> = 20— 
9 ovgage Y 2 Ux (s; 2 " (2) 2 7 
3N m(0 2m)? 3N m(0 04m)” 
Hence Ry = -350x 10 -— x —— —— -75x 10°. —— × .. Ry = -11.6:kN 
2 2 4 
kg m í 7-(0.2-m)? m : m-(04-my? Nos? 
+-1000-— x| | 0.8- x +| ۰ x x 
3 5 4 5 4 kg-m 


m 


The force is to the left: It is needed to hold the elbow on against the high pressures, plus it generates the large change in x momentum 
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Problem 4.74 [2] 


4.74 Water flows steadily through the nozzle shown, discharg- y 

ing to atmosphere. Calculate the horizontal component of force 

- 1 IRNOS d=15cp 
in the flanged joint. Indicate whether the joint is in tension or 

compression. 


I 
p=15 2 ^ py 
oe 0 uM A 


V = 1.5 m/s — j i 


بجا 
R, ١‏ 
Given: Water flow through nozzle‏ 
Find: Force to hold nozzle‏ 
Solution:‏ 


Basic equation: Momentum flux in x direction for the elbow F, = Fy + F, B, = =| upd¥ + Í u pV : 0۸ 
à ot CV CS 


Assumptions: 1) Steady flow 2) Incompressible flow 3) Uniform flow 


2 2 
Hence Ry + Pig ^1 + P2g A2 = Vi:(=PV1:A1) + V:cos(9) (p-V5-A5) Ri = Pig A1 + ).م‎ ۷ :A»:cos(8) — V4 Aj) 
2 
From continuity V>-A5 = ۷۰۸ E deg a Ves 30 ONE en 
252 1^1 2 1 A» 1 D5 2 5 ET 2 : 


2 2 2 2 2 2 
N -(0.3- k -(0,15- -(.3- N- 
Hence R, = -15x په و‎ ui اا‎ AEn + 10002 x Lais | A ( m) -cos(30-deg) — لي‎ E ) QE 

x. 2 4 3 5 4 5 4 kg.m 


m m 


Ry = -668-N The joint is in tension: It is needed to hold the elbow on against the high pressure, plus it 
generates the large change in x momentum 
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Problem 4.75 


Guess Woo- ANN SQ pace NES 
FPES ١ ی۵ ځا‎ € es SE a 
Nox AÑ Fue S NS e ON 


Worked ane. 
Wx ANE. MR مي‎ 
ino Vx GN. رچ‎ = Go E NO S = 
C OEE E de S 


Ende, ora eque d ENS پل‎ GS Pro > 
ols 


So en t 
NS 0۰ eA pen: Tor V. RA POR ^ (X STO 
QN SN سم‎ 


GB Wee sS me Goo 


UN Ds Nec Pressure 


XS وريا - په‎ VS Non C o A. 


کن DEC S (Gd BR)‏ و 


Ree وچ‎ HA, Ee CR, * ex 
- (o. ose (E ESTE , Zeek 
ee “> 4a a8 ak — 


axe Soe es <q eos di E. 
سیه‎ A = Ue دد نن‎ 


$ 
EX a شه‎ 


Was DNP " 


aks coxa 


t) te "‏ بر رل 
aL‏ کې d SEM NARI‏ 


Ra په )حم‎ go EAM 
VA TOSS e کم‎ S SS. S = چا‎ y QA 


Sue AS 


= 


= (o c<5) SE SEEN (Xs ew SR E M us 
اي‎ 


R= Wagar 
S m 


Re کلک‎ a ESSEN INN 


ام 
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Problem 4.76 [2] 


4.76 A flat plate orifice of 2 in. diameter is located at the end of 
a 4-in. diameter pipe. Water flows through the pipe and orifice at D=A4in. r^ 


20 ft/s. The diameter of the water jet downstream from the orifice d=1.5 in. 
is 1.5 in. Calculate the external force required to hold the orifice "m ۷ 
in place. Neglect friction on the pipe wall. Q = 20 ft*s—> } 0 1 — 
| ] FEO 
f. LC 
X 


p= 200 psig 
Given: Water flow through orifice plate 
Find: Force to hold plate 
Solution: 


Basic equation: Momentum flux in x direction for the elbow F, = Fy + F, B, = =| upd¥ + Í u pV : 0۸ 
à ot CV CS 


Assumptions: 1) Steady flow 2) Incompressible flow 3) Uniform flow 


2 2 


From continuity Q = V4-A4 = VA» 


3 A 2 2 

ft 4 f 1 D ft (4 
so Vas )ويل‎ ye nd V)=Vy— = (2) = 229.— x (+) = 1628.— 
۰ S 


A4 S 1 2 S Ap 
7۰۱ —-ft 
3 


NOTE: problem has an error: Flow rate should be 2 ft3/s not 20 113/5! We will provide answers to both 


2 2 d 2 m 2 2 
Hence R, = ET " TC (4- in) M 1.94. 308, 1628.£ " Tc (1.5-in) " 229. E : Tc (4-in) , 1-ft : Ibf-s 
in? 4 کې‎ 5 4 5 4 12-in slug ft 


Ry = 51707-1bf 


With more realistic velocities 


2 2 2 2 <2 2 2 
Hence R, = sip اهي‎ fgg I A MENU EA y 
in2 4 کې‎ 5 4 5 4 12-in slug: ft 


R, = -1970-1bf 
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Problem 4.77 


Caen Sw هم‎ af moss We OGoo W^ BNA NR caw 
AS operates undar ES Dade condo ons 


V as. د‎ eS CON ema. مه‎ ed. 
on Be EA Qe Ny Me 
sero, د‎ 

SNC: 

|i Bre Corpo of Re 


VNCA CES Cue da e هه‎ 
A A 


ey 
ET Eg poes : eat 1 - 


Tenunan: UN Sas 
di سپ‎ a pru s SS 


Supply | Az3in? 


5 حم له شلی‎ of ee || کا‎ S NÓ ma 
پد‎ USER. of SS PUEDES » 
میا‎ cand $ = SAS 7 3 NS ESS ` S ue condire 
os = ARSAN مود‎ ana e څې پل‎ = AG 
e VORNE RA Ena M5 
Ven y وه چا‎ 5, i ~ RM X. (WAR = 4 TON xa 
> N3 5 (ple) + زو‎ A = oo a = = 

POEM CONS eq O ue COR Lar ٢ 


Ry x ده‎ A E O wa lio رو پچ‎ Lor a 
i TE SUS" ae IN 


> NE لپ‎ 
سا‎ SE د‎ a د و‎ arè کپ‎ 
د‎ oa, RAR ~ er 


= Ao 9 E 


GN cn ET + Y 8 s" EMEN‏ سه 
کي د x ee yee E‏ كو ده 


«A 
١ پټ‎ 


یا "Ao‏ کد 
ae eco. SK Qe. st‏ 


مېا 
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ases e te Y e | 
cx Boas MO $ ۷ نا‎ 8 ENT 


SO SHEETS 5 SQUARE 
S E SQUARE 
HEETA 5 SOW ARE 


FETS 


I 
ج ا‎ 


2j 


Problem 4.78 


Given: Flow through Sem — circular NOBZIE, as SHOW, 


Find! (a) Volteame flow Fate 
(4) y-Lompanent of frree 
reguired to hold yn place K=0.3m 


Solution: Choose CV and coordinates نفک‎ 
Apply continuity and momentam 
eguadon IA اوي‎ 


Basic equañhons: Q =f, Vida 
=) =OC3) 
Fs + اک کر‎ vedy +f زو و‎ 


Asstempehons! (7) Flew uniform ACSS Ext section 
(2) £545 = 0 
(3) Steady Tlou) 


At sectian(2), VidA = Vet d , since flow out af CV. Then 


th A 
4 ds vEtde = vrelo) y, = VRET 


Q- ics x03 m, 0,03 my #7 يې‎ D,424 "mr Ys la 


Ky 


cr nts 


From MOMEN PAN 


Ry =f اس‎ «dA =J v; {-levea} +f پره‎ ft evda |j 


n V, =0 Y, = Vcoso 


yA A 
Ky 25 ۷ هه‎ ٥9٥ eVK&tdo = ptem sino | y = Zp VRE 
2 


Ry = t. 99949, درو‎ boann ES = 4.05 kN 
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EETS 5 SQUARE 
EETS $ SQUARE 
EETA 5 SQUARE 


OSH 
100 5H 
? 200 5H 


427.381 5 
42.382 
42.389 


t 
=a 
^ 
د مسب به سیا‎ 


[2] 


9 "ue 
E od av + | u pV - dÀ 
ot ٧ P CS م‎ 


Rg = Peg Ae + me Ve 


F = Fy. + Fp, = 


Problem 4.79 


4.79 At rated thrust, a liquid-fueled rocket motor consumes 80 
kg/s of nitric acid as oxidizer and 32 kg/s of aniline as fuel. Flow 
leaves axially at 180 m/s relative to the nozzle and at 110 kPa. 
The nozzle exit diameter is D = 0.6m. Calculate the thrust pro- 
duced by the motor on a test stand at standard sea-level pressure. 


Given: Data on rocket motor 
Find: Thrust produced 
Solution: 


Basic equation: Momentum flux in x direction for the elbow 


Assumptions: 1) Steady flow 2) Neglect change of momentum within CV 3) Uniform flow 


Hence R- Peg Ae = Ve (Pe Ve Ag) = me: V, 


where Peg is the exit pressure (gage), m, is the mass flow rate at the exit (software cannot render dot over m!) and V, is the xit velocity 


k 
Me = 112.58 
5 


m Ns 


Ry = 22.7 kN 
kg.m 


kg kg 
For the mass flow rate Me = Mpitricacid + Maniline = im 4 32-2 
2 
N -(0.6: k 
Hence Ry = (110-101) x 10" x oo + 112-28 x 189. x 
5 


m 
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Problem 4.80 


Quam. JA eng om NR stond. | =--- ru cA 
Nasa. S ue ico D o 
که‎ Toke. zs { 1 A = 64 tt? 
: a V; = 1200 ft/s سه به‎ Y, = 500 fis 
VACANT ۶ه ه‎ NN me | مو‎ =-298 psg 
2 7 Pam ca -i 4 
Tund, CN We Gas eae . m um LA 
iS AO of Enga 
RU 
SS A - compone of Qe. “Se his ES o A میا‎ 
“Mosa equations ۴ "D | 1 qa په‎ E ¡UN دنا‎ SA 
wee RAK, ووه‎ y 
مع ېمووا‎ O مسا‎ 


(QN 3 Row 

(DN umto re) A NO ANd NX Se. CN NOS , 

چا Gr noes os Vo Ed Ys‏ خڅ 

3 ÇKA eera مک‎ A 
ae WAG _ eas C Yan €. A سلا‎ 
( XI - * مده‎ Se > DABA => 


ON 


TE 


Vac pAs 1" وو نو‎ E ado اف )سا‎ 
Veo ملا‎ Ae Meee NOU: مخصرھه‎ Sor -eGN 
n ود‎ 
EN 


VR & - s د د‎ ió. SA 


O WER ONE, 
Wee Wet ۹ EM ori بر يې‎ AS یت‎ 


Gown M.‏ -پدی ‏ لاک لا ې RACs‏ وه 
OU SER Noa SN‏ )مه 


Ws 
په د‎ Tavo a S Oe که نوي د زو‎ 


So 


NES 


— (rag end 
= dl Free رل‎ 


——— 


http://librosysolucionarios.net 


پا 


[3-.— : 


Problem 4.81 
CO Toreo | A ÓN das ده‎ ٥ a Sud dass 
SACQOSSNOR په‎ p € 
Sous: "ee ssose Pue ١ و ود‎ ÓN 


Na e د‎ 


US 


"s T ET NS VAN TESS OTE Tis ME My Lo ¿dere 
e DELLA A Y and costes ponina E EEEN 
Pressure Asa لا‎ 


Má: 


MR A CNO EN ok اې‎ ES span 1 uos US 
x MESES SU ECC 


د٩۹‎ ne Cox on . BO sora. Cosa, Ao Ne uita sol 


EN Fr. + c 
(35) quee VE ۹ A CONE TESS Me Sen Cee 
es SOS له‎ NC SEEN Les O once) 


S unfor 2 17 D, anurut rus e of 


Basi $4 AES X V. 


S. 


SS OS Si‏ په 


د ده سدق ې 
a‏ به — r \ — Q‏ ولسو 
=ï, a‏ پک | دو ون ts‏ کې E‏ پا = eR a,‏ و دا 
AS‏ په 2 > دد Qoo. v T KE‏ پټ corona - uno‏ یخن 
ue‏ سم 
Bo 8 2 TN E S ^W‏ اچ $ eS‏ اد غه ` es‏ 
-R = a * SY b e IS =‏ 
MI MÁ * A ARA‏ 
es Sane‏ له Freon Qe DÍ seis Vow GAL S Ow ES Mos‏ 
zx‏ هخه = &N‏ که 05 of x‏ 
0.5 
Vela AS xp Sad. | T |‏ 
A x 0.4 |‏ ېې مه & é Lee day S iX xo fos‏ 
i‏ > 
Sos Se, uo foe e | Fi 0.3 |‏ 
Wee eee RA SW Neo NENS, aC | 2 0.2 |‏ 
to e | 5 |‏ په ES Mond‏ کٹ Sa‏ 
WO. | E i |‏ دد See wo Sey LOTE‏ 
GSS SAN o (SN S tok Che Ne. | 00 h l‏ 
: 0 
BE did (---) :‏ | 
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Sas اعد‎ 


E 
m 
د‎ 
E 
3 
“k 


Spring: 
k=1 N/m 
Xo =1m 


X9 = 1-m 


Problem 4.82 


4.82 A free jet of water with constant cross-section area 
0.005 m? is deflected by a hinged plate of length 2 m supported by 
a spring with spring constant k = 1 N/m and uncompressed length 
Xo = 1 m. Find and plot the deflection angle 0 as a function of jet 
speed V. What jet speed has a deflection of 10°? 


Hinge 

Given: Data on flow and system geometry 
Find: Deflection angle as a function of speed; jet speed for 10° deflection 
Solution: 

k N 
The given data is p = کک .ووو‎ A = 0.005-m* L= 2m ke E 

ii m 
Governing equation: 

ð i او‎ o 

y -momentum د‎ = Fs, + د‎ = xl. v p dY + f. v ۷م‎ ۰ dA (4.18b) 


Applying this to the current system in the vertical direction 


Espring = V-sin(0)-(p:V-A) 
But F spring = k.x = k-(xp = L-sin(0)) 
Hence k-(xo - L:sin(0)) = p- V^-A-sin(8) 
k-xo 
Solving for 0 0 = asin ——————— 
k-L+ pA. V? 


iban — 2-sin(10-deg))-m 
m 

2 

999-55. 0.005-m^sin 10-deg) Nes 

m 


k-(xq — L-sin(8) 
For the speed at which 0 = 10°, solve V = | 2 V = 
p-A-sin(0) 


The deflection is plotted in the corresponding Excel workbook, where the above velocity is obtained using Goal Seek 
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Problem 4.82 


2] 
482 A free jet of water with constant cross-section area V 
0.005 m? is deflected by a hinged plate of length 2 m supported by "dd 
a spring with spring constant k = 1 N/m and uncompressed length P 
Xo = 1 m. Find and plot the deflection angle 0 as a function of jet Spring: 
speed V. What jet speed has a deflection of 7 لم‎ k= په هه‎ 
Xy = 


Hinge 
Given: Data on flow and system geometry 
Find: Deflection angle as a function of speed; jet speed for 10° deflection 
Solution: 
k- 
Solving for 8 0 = asin —= 
k-L+p-A-V" 
p= 999 kgm’? 
x5 1 m To find when 0 = 10°, use Goal Seek 


L 


Deflection Angle vs Jet Speed 


0 (deg) 


0.25 0.50 0.75 1.00 1.25 1.50 
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[ose 


Kx 


Problem 4.83 
Given! Üonical Sp ruy head discharging water, As Shown. 


Find: (à) Thickness of sprog sheet 
at R= اسو رس‎ mm ad:es. 
(b) Axial furee exerted on 
Supply pipe. 


Component of the momentum 
equathon, Using the CV, C$ shou. 


¥ = 10 53 


Basic equation : 
=pli) (200) 


Fs,, + "f. ÉL apd + T uwpvdA 


Asstemprions: (1) Fa, =0 
(2) Steady flow, 
(3) Incompressible Flow : 
tA Uniform Flow at each section 


(5) Use gage pressure to cancel Patm 
From Continuity , 


Vx S. YO 4,0038, 1 = m/s 
i A, 7 m" Sec (0.355 m 205929 / 


Assume velocity in Jet Sheet 1s constant at Vs lo mis. Then 


Ge |. g.03 78 i 5. 1080 جوم‎ 
— "a + + t سس ے‎ m رل د بله‎ iia EC MEE مب‎ A SEEE GI wm 
Q fuse Wd zrRV 277 S "0.4m lor m = 1149 mm 


From momentum, 


Ky + Pig A, = &, l-an] $ Hz (^ra 
ity = ¥, itz = Usina 


Ry, + Pig A, = ~(V,+ VsiMm8) PO. 


Ör 
Ry = “Dg A, 7 (Vi * vs nt) gà. 
m d S ^ Tm os kgm 
Ky = — 3,63 kN 


But Ry is force On CV; forte on supply pipe is Kx, 


Ky = “Ka = دا د‎ EN (to the right) 
nee ————- 
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Solution: Apply tontinuity and the x 


aim 
M 
MAFIOMAD 


Problem 4.84 [2] 


4.84 A curved nozzle assembly that discharges to the atmos- 
dco 85 1 ېی‎ V = 2 m/s 
phere is shown. The nozzle mass is 4.5 kg and its internal volume 
is 0.002 m?. The fluid is water. Determine the reaction force ex- تووار‎ M 
i : 1 Dı =7.5 cm 
erted by the nozzle on the coupling to the inlet pipe. 


" IE 
D, = 2.5 cm 
Ns 30° 


772a 


Given: Data on nozzle assembly 
Find: Reaction force 
Solution: 


Basic equation: Momentum flux in x and y directions F, = Fs, + F, B, = =| upd¥ + Í u pV : dA 
: ot “CV CS 


0 5 
F, =F +h == vpd¥+ | v pV - dÀ 
i y y ot ¿CV CS 
Assumptions: 1) Steady flow 2) Incompressible flow CV 3) Uniform flow 
2T B 
For x momentum Ry = 1 (P Vy A5) = =p: Ne cos(0) 
2 
A D 
1 1 m 7.5 m 
From continuit د‎ ۹ = AVV V> = ۷ سا‎ = Vi — V5 = 2=x|— V> = 18— 
y دوا‎ 92 9 27 A (2 2 E (2) 2 : 
k m 2 7 2 i 
Hence Ri = 1000. x | 18.— | x — x (0.025-m) x cos(30-deg) x = 138N 
3 5 4 kg.m 
m 
For y momentum Ry — py A, -W-p-Vol-g = -Vr (-P:V1:A1) = Vyssin(0)-(p-V2:A)) 
T-D : 
xdi! p 2 2 ds. 
Ry = P1: + W + ٢۴ LE (v, ‘Dy -Və ‘Dy sin(0)) 
m Nes 3 
where W = 4.5:kg x 9.81.— x W = 44.1N Vol = 0.002-m 
2 kgm 
5 
xT (0.075. m)? k 3 m Nes? 
Hence = 125x 10 x ZOE) | 44.1 + 1000-8 x 0.002-m>x 9.81.3 x " 
Ry 800 4 3 2 kgm 
m m 5 
k T m a 2 m ; 2 ut 
+ 1000- Ex x (2 x (0.075-m) -) x (0.025-m) x sin(30-deg) | x 
in 4 S S 
R,, = 554N 
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Problem 5 Els 


Given: Flow through reducer n gasoline 
yy ^. D=04 
P09 Sistem, AS shew m RT 
M * ZS فا‎ Y = 0.2 m3 Y, = 3 m/s — 
Find: Force needed to hold 
reducer in place, 


pi = 58.7 kPa int) p; = 109 kPa (abs) 
Solution: Apply the X And y : . 
— components of the mame Atm £qua tion, using the CV and 
Coordinates shown. Use gage pressiures to Cancel atm: 


=0(1) =0(2) 


Fant > Lupa + f. u۷ dA 
= 


Basic equations: 


Fay + Fay = £, red? +f uw pV -cA 


Assumptions: (1) Fay =0 

(2) Steady flow 1 

(3) Un form flow ateach section 

e» م1‎ ٨6 mpressible Pilous, 56 56 [ 726 A.2, Appendix 4} 
From the x component of momentum, 


Ru + pig Ar ~ Peg Ar < Us Elevar ld] + ta f+ leva Alf = O4 -Vi ) PVA, 


(4; * V, ihe = Va 
Ry = Pag Ar — Pig Ar + (V - Vi) EVA: Mote P28 tmo 
= (109-1000 MEE (0rtY mt 597 و‎ (ois) m* 
ma? me 
ې‎ (12-3) 0:72) 1000 K2. y 3 pt X lo me Nes 
= pn a y gum 
Kx = 2ي با-‎ kK (force must be appled to eft) Kx 


From the y component of momentum, | 


=O xD 
Ry - M3 - وم‎ ۸ = len + hft leva, lf 
Ry = Mg + وم‎ ۷ 


Em 
2 agim NS 6,72)/000k3 .9 $1m | pO m? N'S 
= Sd na T gion ې‎ ) a Se "ES. 


Ky = bl kN (force must bt app lied up) Ry 
ai À—— —— e TT 
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SHEETS 5 SQUARE 
EETS 5 SQUARE 
O SHEETS د‎ SQUARE 


D 5H 


n 


n 


MATO vat 


[3] 


y, = 100 ft/s 


0 "E^ 
LAM av « | u pV -dÀ 
ot 8 م‎ CS P 


1 


ft 


S 


(a 


F, - Fy. + Fp = 


x 


Problem 4.86 


4.86 A water jet pump has jet area 0.1 ft^ and jet speed 100 ft/s. 
The jet is within a secondary stream of water having speed V, 
10 ft/s. The total area of the duct (the sum of the jet and secondary 
stream areas) is 0.75 f. The water is thoroughly mixed and 
leaves the jet pump in a uniform stream. The pressures of the jet 
and secondary stream are the same at the pump inlet. Determine 
the speed at the pump exit and the pressure rise, p» — pı. 


Data on water jet pump 


Speed at pump exit; pressure rise 


0 


= av + | V.dA=0 
01 cv? cs? : 


Given: 
Find: 


Solution: 


Basic equation: Continuity, and momentum flux in x direction 


Assumptions: 1) Steady flow 2) Incompressible flow CV 3) Uniform flow 


ft 
Vga? 


-PVs As — PV; Aj + و۷۵ م‎ - 0 


ft 0.75 - 0.1 f 
V> = 10. — x| ——— |+ 100. x 
S 0.75 S 


ppA2-pyA5 = Vy(70" Vy Aj) + Vs (=P-Vs As) + Vz(p-V2:A)) 


, (0.75 - 0.1) 
0.75 


Ap = 12.6psi 


2 
v; | 
ft 


S 


2 
Ap = p2 - Py = oy dram 


2 
1 f) 01 
Ap = 1942 y 100.) ېلو‎ 0 
te 5 0.75 


lbf 
Ap = 116 ™ 


ft 
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From continuity 


For x momentum 


Hence 


[3]... 


Ex 


Ry 


Problem 4.87 


Elbow mass, M = 10 kg B 
—— internal volume, ¥ = 0.006 m3 
c« d 1 
A 


Given : Rédircing 21 otu) Showy). 
: orn 


Fluid is water. 


Find: Force components ntéded e ار ې‎ | Y 
to keep dlio U Fram moving. R Pz = 120 kPa (abs) 
J Ap = 0.0081 m? 


Solution: Apply the x andy components of 


the momenham (qua Tun Using the CS aNd CV Shawn. 
TD(H) ()و-‎ 


Basic equa teas: Fey + EN XL Í ad + I. مدا‎ iA 
Fay + Fay * A, "edv +f ue: dA 


Assumptions! (1) پلعمئ)ک‎ Flow (3) Use »وهو‎ Press (eres 
(2) Latorm flow at (Ach Stthon Y) x horizontai 


ü = Y, Uz = Vas 


Ex = (V; ٧۷٢ه‎ د٥(م‎ ۵ pigh tpg Mas | ۷ «۰۵ =0, سل‎ slow ES 


hoist rm 


5 
6.0% o, 18.b هح بر‎ | Vs 00 EE ورد‎ 
ES Ts * re. a د‎ 841 m> ک‎ 


x bot mEq سب‎ | (toto hoN , ۵ ۵ lft m* (110-10 J r3 M. , 0.0087 cos "و‎ 
m m* 


s Kun 


Kx = +3} -/8004/23N * -1040 N 


geomp: ft + tig Acsi -mg -pya = v, f- lee lf )می‎ 190.1) 
V, ۵ 7 = Y, sine 
Ry = “Ve مک اک‎ gp. + Mg ud: ~ Pg e 


a - IB ,sn3o5 419 kg |, Dui m? NS ا ر‎ kg, 9.3 m. Mg 
نک‎ ma" z7 kgm دې‎ * leg m 


و 
ss E 0.004 m9 ۹,89 m NS _ (120-101) jo* N. «040081 Mm? siaz"‏ 
S^ kogen m?‏ 


Ry = -7474 98.14 و‎ = bN 


Ry and Ry are the horizontal and ver hee | Gorn ponents of firmes that 
mast bt Su pahed by the ad pce nt Pipes To keep the bow (thE Contros 
Vomit ) from moving. 
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jHEET& 3 SQUARE 
HEETS 5 SQUARE 
G SHEETS 5 SQUARE 


[3] — 


Kx 


Problem 4.88 


Brea + Menotube bot ter, as .د‎ d 30.88 /n. cy 


y Water 


Lis 


m = 0.3 Ibm ls P, = 500 psia O 


Steam 


te Pr ™ 400 pseg, ږځ‎ 30.024 Slug /A3 
Find: Magnitude and direction of 
force exerted by Fluid on tube, 


Solut /0ni Apply the x. DAÊ of the momentum ¿qua Hon, using 
the CV and coordinates shown. 
=0(1) =04) 


Psy + Fhe = ÉS, wed 2 up dd 


AsStumphons: (1) Fay =0 

(2) Steady flous 

(8) Uniform flow at each section 

(4) Use gage pressures to cancel Pam 
From continuity, 


Basia equat ion: 


m sp, VA, m Fee An AS constant, $0 @ V, > f2 Va . Thus 


m m Lf lag tuna 

6.2041( = و سر = : zn.‏ 

Y “e = 0.31 uh EY ct urat * 2.7 Jem Z Jom Fet / 
i 


= V, ČL = brete, 1.94 8! اا لګ‎ Sob ft/s 
Vus وار‎ Kk or m 0.029 Slug 


and 


From mo men fan, 
Kx + pig A, T pag Ar = Ui {-m} ta, Sent alk -V)m 
Uy = Y, itz = Ve 
Ry = Cg -Ppa JA r(W 7 V) 


= [uoo- (coo- 135 ] i£ , T 4۰1 i. = (Sob- b. ROLE n 0.3 bm, Slug 
د وړ‎ + E: e libn 
ibf شک‎ 
X Sig Ft 


Ry = 74.77 Ief 
But Ry 15 foree on CV; foree an pipe tS Kx, 


ky = -Ky = 47 lot (ta ng ht) 
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Problem 9 [3] 


4.89 Consider the steady adiabatic flow of air through a long 
straight pipe with 0.05 m? cross-sectional area. At the inlet, the air 
is at 200 kPa (gage), 60°C and has a velocity of 150 m/s. At the exit, 
the air is at 80 kPa and has a velocity of 300 m/s. Calculate the axial 
force of the air on the pipe. (Be sure to make the direction clear.) 


Given: Data on adiabatic flow of air 
Find: Force of air on pipe 
Solution: 


Basic equation: Continuity, and momentum flux in x direction, plus ideal gas equation 
| d¥ +| pV-dA=0 R=R +F, e dy ۷ 0٨ RT 
ot ¿CV CS XU aj ^ cs ^ 

Assumptions: 1) Steady flow 2) Ideal gas CV 3) Uniform flow 

From continuity م-‎ Vy A4 + Po VyA5 =0 ړم‎ Vz A =p VA رم = ړم‎ v 


For x momentum Ry, + P1۰A -py:A = M Pp VpA) + Vx(Py Vx A) x: Pp VpA:(Vo EM) 


R,= (P2 m p1JA + p1iVIA(Va - vı) 


P 
1 N kg: K 1 k 
For the air ړم‎ = p1 = (200 + 101) x 1955 y ړم ی‎ = 3.15 
Rair T4 2 286.9-N-m (60 + 273):K 3 
m m 
3 N 2 k m 2 m Nes? 
Rx = (80 — 200) x 10 -—- x 0.05-m + 3.15-—5 x 150. x 0.05-m* x (300 — 150)-— x 
2 3 5 s kgm 
m m 
Hence Ry = -2456 N 
This is the force of the pipe on the air; the pipe is opposing flow. Hence the force of the air on the pipe is Fpipe = -Rx 
Fpipe = 2456N The air is dragging the pipe to the right 
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[3] 


Problem 4.90 


4.90 A gas flows steadily through a heated porous pipe of con- 
stant 0.15 m? cross-sectional area. At the pipe inlet, the absolute 
pressure is 400 kPa, the density is 6 kg/m? , and the mean velocity 
is 170 m/s. The fluid passing through the porous wall leaves in a 
direction normal to the pipe axis, and the total flow rate through 
the porous wall is 20 kg/s. At the pipe outlet, the absolute pressure 
is 300 kPa and the density is 2.75 kg/m?. Determine the axial 
force of the fluid on the pipe. 


Given: Data on heated flow of gas 
Find: Force of gas on pipe 
Solution: 


Basic equation: Continuity, and momentum flux in x direction 


0 - = 0 "m 
ET pd¥ | pV-dA=0 F =F, +F == | u dv + | upV-dA — p-pRT 
ot ICV cs di Ri CT ua cs ^ 
Assumptions: 1) Steady flow 2) Uniform flow 
را‎ Pi. ; i 
From continuity م-‎ V1 A1 + py Vy A5 + m3 = 0 Vo = Vi—-=— where m3 = 20 kg/s is the mass leaving throug! 
P2 PrA the walls (the software does not allow a dot) 
m 6 k m 1 m 
Vy = 170. × = 20. × x ; V) = 322— 
s 2.75 s  2.75-kg 0.15-m 5 
For x momentum — R,-ppA-pyA- Vr(-er V1) + Vz(p2:V2:A) 
2 2 
Ry = (pa =p) ورو‎ ٢ A 
2 2 2 
N k k N- 
R, = |(300— 400) x 10 +] 2.75.8 x | کم | دو‎ x[170%] |x =] x 0.15-m? 
2 3 5 3 5 kg.m 


m m 


Hence Rx = 1760N 


http://librosysolucionarios.net 


Problem 4.91 


¡IS 
Given: Water fien) discharging Nonaniform ly from Slot, as Shows, 
Pig = Zo یا‎ D = 150mm 
Find: (a) Volume flaco rate. = A A 
(b) Frees 7o hold Pipe: vy =7.5 mis ر‎ = 11.3 m5 
Solution: APP ly Xy 4 CO ھم هم‎ £s i r=15mm 
of rna me rrécum, using i 
the ÓV,6s shown. 
Basic equations: 
2 =0(1) =0(2) =D(1) =o(z) 
= 4 i پک که — چه‎ 
Fy + “he * Af ura rf کم‎ ; Foy + A “alee +f م‎ 
Assumptions: (1) Fax = Fay 30 
, @) steady feu) 
(3) Uniform flow at inlek section 
(4) Use gage pressures to cance! Paim 
From Continaity, 
Q=*VA= tiv, ځا( اې‎ = gS. ims 0,015 m a 6,141 m*fs A 
A n 
ور‎ = L شی و‎ mt bL c mis c 
٥ As 5 T (Orf) me ' 
From X. momentum, since Plow leaves slot vertically fu~o), 
Ry + Pag As = Us [ PQ) = “Va fa ز‎ x = Pag As — Var 
nas Jo x O0 M T )۵ وواک‎ 7. em 2997 ES û, HH md, Acsi 
me اک‎ Kg on um 
Ry, = = GS kid (to left) Rx 
From t UTE UE Since Us 0, 
L 
VaT V, 
1٢-٢ al vegvtdx = -etf (vt ET x Y 
cH سا‎ X^ Va Vas MBS 
يم‎ [ti e رح‎ 
424.9449 kg. gos ml C8 Y qw? . T" m © (13-79. vla. (Y m* 
E g =. [¢ n + e ^g. FRE P 
(Mars, Los xm | 
+ st {Nime 3 
Ky = = 1.3% KN ( down) Ry 
ndis 
L moment Also would be. regu ireo at the ده‎ j ۰ ] 
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SQUARE‏ 5 د 
SQUARE‏ و 5 
5QGUARE‏ د E‏ 


غد اد Hate‏ 


ار 
ديم سا MA‏ 


Problem 4.92 ) ——-‏ سا 


Gwen: Senda Lao SÍ moles Sheoudh Sqpase Hon own 
e eoa, = [A US 5 Oa ٠.٥ nis 2 NUM همون‎ lapad SLE Ra 


Me یو ند‎ ` p او‎ m ج‎ 3 mA os i pd 
tt په 2.05 =« ده‎ SM با‎ SEA won MENS aw یبا ت‎ 


Find: Fora tae Ked پا‎ os assaia oN Re LEA dual 


A nava, 


VET KOS’, 


— bou Cary SO X هک‎ vom e: ass موی ېټ د‎ eq pacas No 
e 


1 SHEETS SQUARE 
4 SHEETS 5 SQUARE 
O SHEETS 5 SQUARE 
0 
i 
J 
0 
rd 
7 
r 
m 
ey! 
Pt 
2 
c 
x 


e‏ يي 
sue Ve Fan = BAS A QV T CES‏ 
وه zi 8 iC OS Uy & E‏ 


i = y ee Laws د‎ mcomeressithe os 
i QN unio (oo که‎ es 


NS عشغفا‎ ayas pressure : 


Freon E. ` O= Xe T + ¡SN SR, = TW e AT A, 
د.‎ 
a Os w=) Ten le - Reel چو سا‎ EY = 3 È Ten 
e 
۵٠ SN AO ess = MER = £ * "MS 2 = ENS یې‎ 
Econ AS 5 


ENS -pon‏ ا ر a‏ کي S‏ د و و 


Ra E BENE -PUA oc Ec eis Lo AE maña, AÑ te. SEÑA 


Rus WAR > .وان حد‎ E = QW TIONS = ies Eu 
لا‎ - Y= MA à Cot ME duas. No Ke v S سا‎ 
s Eys 


Ban Ma - ya, = s Son] + C por ام‎ we ال‎ 
Ry لدد واو‎ (a De sage Dia ot 
اسم‎ (a - E Sw 

x ONES i wb E A ¿Y - SE. * 
5 ueste, ela ٢ و‎ gege و‎ 
T Wap Borsang > uH CS 
Maps as BN Con سی اچ چیک‎ Neon M. 


if 


ÉS 
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[S] e 


Problem 4.93 


Given: 564 discharging flat, radial Sheet of water, as shewn. 


Find: Axial Free of nozzle 


D, = 3S mm 
OF Cola phig. 
Solution: Apply the x component ot Water —e 
momentum, using CV and y 
۵09۳/465 Shown, Los Ra 


Thickness, r 


Basic equa ton: 
Sor) ,7X2) 


دد ار fF‏ 


Assumptions: (1) Fay =0 
l (23 Steady Flow 
(5) Uniform flow at cach section 
(4) Use gage pressure to CANCE fat, 
From tontin urta 


Q= VA, *V;A, = V, TRL = Ty (PLL پر‎ 0,08 r, 0.00/5 m = 0-00234 M/s 
€ 


Vj» A هلال‎ Vu 4, ۶01734» m3 d = 2.45 mjó ادا‎ 


| لست و سور دن ور 
from moment f More Al 2 0,000 Fi rs‏ 
dt, (ea m ite E Vz dAz‏ = پس Kx, + Pig‏ 
فل Va losa; dA, = Kt‏ يدا 7 “i=‏ 


Tja . T 
= m 2 a 
I UR V2 C03 p V, ٤٣ غه‎ = LV ref cosado = PIKE 
Thus 
Ky =~ Pig A, - VifR + ZPV Rt 


ون 


= (S07 fot) ron 000762 mt 2:45 29.999 ka ۸007۵6 m? , Nite? 
m? sec ma” sea, Kgom 


+ 2,994 E2 , (oY pot 0,98 سم‎ 0.0015 py, LSER 
m3 sect egim 


But Ky دا‎ foret on QV; free on coup ting n Kx, 


Ky -ه‎ Ry = 379 N (to right) 


dE M" Mrs يی د‎ 
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EFTS 5 SQUARE 
EETS 5 SQUARE 
ERTS 5 SQUARE 


Problem 4.94 [4] 


4.94 A small round object is tested in a 0.75-m diameter wind 
tunnel. The pressure is uniform across sections (1) and (2). The up- 
stream pressure is 30 mm H20 (gage), the downstream pressure is 
15 mm H20 (gage), and the mean air speed is 12.5 m/s. The vel- 
ocity profile at section (2) is linear; it varies from zero at the tunnel 
centerline to a maximum at the tunnel wall. Calculate (a) the mass 
flow rate in the wind tunnel, (b) the maximum velocity at section 
(2), and (c) the drag of the object and its supporting vane. Neglect 
viscous resistance at the tunnel wall. 


Given: Data on flow in wind tunnel 
Find: Mass flow rate in tunnel; Maximum velocity at section 2; Drag on object 
Solution: 


Basic equations: Continuity, and momentum flux in x direction; ideal gas equation 


9 er 2 
: av + | rede - 0 = =< | ¥ Í م00‎ - RT 


Assumptions: 1) Steady flow 2( Uniform density at each section 


2 
T-D 
From continuity Mflow = Pr Vy A47 ev Vp 7 : where Mflow is the mass flow rate 
p i 
We take ambient conditions for the air density Pj, = aa Pair = 101000. x ae x - Pair = هکار‎ 
Rair Tatm ar 286.9-N-m 293-K a 
2 
kg m  T7-(0.75-m) kg 
Mflow = LA x OE x = We Mflow = Su s 
m 
R R 2 
Also r 2-T Pair Vmax 2 2-T-Pair Vmax R 
Mflow = p5:u5 dA» = Pair’ Vinax 702 er dr = + r سسچا))0‎ 
R R 0 3 
0 
3-m 3 2 
flow 3 kg m 1 m 
V. = ۷ = — x 6.63-— x x ۷ = 18.8— 
ad 2 max um s 12kg (sss) — 5 
2-7 pac R 
For x momentum — R,-ppA-pyA- V1-(-erV1A) + | p5:u5:u5 dA» 
E à 
2 
r air ' max 3 
Ry د‎ (P2 هړم‎ - Va moy + )هه‎ 2-7۰1 dr = (P2 = ن۷ - هړم‎ + | r dr 
R 
T 2,2 
Ry = (P2 ~ هړم‎ - Vi mg + > Pair Vmax ‘R 
kg m 
We also have Py = gh Py = 10007 x 981- x 0.03-m Py = 294Pa P2 = p-g-h P2 = 147-Pa 
m 5 
N 15 m)’ k m 7 k m a 2 Nes” 
Hence Ry = (147 - 294).— x ——— + 663-2 x 12554. ^ × 1225 | 18.8. | x (0.375-m) | x 
2 5 s 2 3 5 kg-m 
m 
Ry = -54N The drag on the object is equal and opposite Farag = -R, Farag = 54.1N 
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Problem 4.95 


The horizontal velocity in the wake behind an object in an 


|r| =1 


|r| > 1 


4.95 
air stream of velocity U is given by 


u(r) =U [ — cos? (=) 
2 


u(r) =U 


where r is the non-dimensional radial coordinate, measured per- 
pendicular to the flow. Find an expression for the drag on the 


object. 

Given: Data on wake behind object 
Find: An expression for the drag 
Solution: 


9 


01 


/ upd¥ + | upV + dÁ (4.182) 
JCV CS 


F; = Fs, + Fa, = 


Governing equation: 


Momentum 


Applying this to the horizontal motion 


1 1 
-F = olmo) +] u(r): p-2-7-r-u(r) dr F = rp: y? = al r-u(r) dr 
0 0 
= ; 
2 | Ter j 
F=npU -1-2 r- 10022) dr 
1 
2 4 
F = mp-U?. 1-2.| r- ES + reos Z) dr 
0 


8 2 
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1 2 
Integrating and using the limits F = m p-U°. 1- E + 5l 


[4] 


Problem 4.96 


4.96 An incompressible fluid flows steadily in the entrance re- 
gion of a two-dimensional channel of height 2h. The uniform ve- 
locity at the channel entrance is U; = 7.5 m/s. The velocity 
distribution at a section downstream is 


u Yl 
| 
Umax h 
Evaluate the maximum velocity at the downstream section. Calcu- 


late the pressure drop that would exist in the channel if viscous 
friction at the walls could be neglected. 


Given: Data on flow in 2D channel 
Find: Maximum velocity; Pressure drop 
Solution: 


Basic equations: Continuity, and momentum flux in x direction; ideal gas equation 

a مر يئ‎ 0 >- z 
E pd¥ + | pV-dA=0 F =F «Fs --[ upd¥ + | upV-dA 
0 1 CV C S . x x 0 t CV C 5 

Assumptions: 1) Steady flow 2( Neglect frition 


From continuity 
-pUprAQ + p:u5 dA =0 


i 2 
y h h 
Ur2hw=w Umax) 1- ۴ dy = Way lh (-h)] E | || wu 
—h 
3 3 m m 
Hence Umax = ra Umax = 7 x Pes Umax = m 
For x momentum py هوم - ۵ه‎ = Vi (-er' Vi) + | ره وه وم‎ dA» Note that there is no Rx (no friction) 
h 
2۰ Bcc 
2 y max 
p4-po7-pU4 *— fPUmaxc|1-—| dy =-p-U, + 2-2 


2 2 
1 k N- 
Hence Ap = E x 124.5 x (75-2) رې‎ Ap = 14Pa 
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Problem 7 [3] 


Given: Lncempresstble floru in entrance region of circular tube of 
radius, R. 

۱ l Uz = va - (| 

Find: (A) Maximum velocity At Section®, 
(6) Pressure drop if semas friction Could be neglected. 


Solution: App ly continuity and the 
X direction momer him eg ua tions. 
Use the CV And C$ shown, 


=o) 


)هوک )0(3= 


Basie equatons: 


fs, + dh = Jn وړ‎ do 24 DES! 
٨ دص د د‎ EE NED Steady fow (5) Iocomporess ¡ble Flous l 
(2) Un fire flow at Section 


(3) Fg, "0 | 
(4) Neglect friction at dect wall 


0=Í-/pU, reu] tf pmax [1- (8) H] errar 
or  TPORE=2TP Umax C ٠ lig |B و27 سل )د(‎ imax ET HE) Y" 


Thus Umay = ZU, = 2,30 „ bofe js 
a 


Then 


From the momentum equa tian, 
R : t 
p TRE pa TR? = u, (PU, re} +f ug pi, dA, = CUTE fumar] UE (E4 G 
w, =D, Ur = Umer it~ 8 ] 
or 
/ 
ار‎ 2 EE yA . يپ‎ de 
دور د د و سا‎ 22 Un nd 27$ 
i i 
But J int) yen) =[ (i tm *7/*)7)47) = ¿n*-¿9 
And Umax = (20,)°= 40% so 
Pipa ري م سه‎ = = FUN -1) =4p0,* 
10.075 lem. (39* Ean eps 
As iiid) 


Slug: d 
699 lef far -h 


L 
3 
0. 


Pipa = 
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OU ARE 
QUARE 


50 5HEETS 5 SQUARE 
5 ii 
53 


[D] 


Rx 


Problem 4.98 


Given! Uniform Flow int, Fully devtloped Flow from duct shown. 


U =0.87 mue 


غه ۲-۶ شه 
c‏ 


Pp -Pe * 192 Nim" 


Aur 


Find: Total frrce exerted by tube ۵۸ the flowing au. 


Solution! Apply contin ity and momentisim to CV, CS Shown. 
2 OC!) 


as + As! = vy. 
Basic €4 uation 2 Al, cov + په مي‎ 
=z% "oln 


Fsy Pb. Al, pay +f, UA مل‎ 


ASSUMPRhoAs ! (I) Steady flow E) Inrfevom Flad at inlet 
@ Incomporess itle Plow (4) Fay =0 


"F 
0 -j-lgUAd] Tia es = -eD, m e* +f pul- Gr] areae 
Ie ها‎ z a : ae =-Fr x 547! 
=-pU, TR? + 2P E J (Ada or 0=-0,+24 [8-2] 
Thus ودن‎ tiU. or Ue = 2, (n= r) 


From momentum Ry ۵ (۳-۸ = uif- pu A] + d Us d epa d A, | 


lu = U, ute Li- Gy] 


NE - [i-e] Jeudi- &y]zerac = enge f 4 ur 2) Ada 


= 2 ان یام‎ NFA AAA = 2-2 € (2-2 A Sl = brpock* 


-Subs titeting, 


Ry HO pork? = -TEU KE + E mE "eU RESTE 
NS _ TDP? i LTD 
Kx (Pipe) D -igutm 


=- INN T {joym L, 23 Ka (0.50 m* T ozm NS 
mé SS mur E Em 


H 


E — 7,90 x0 "^ A (to lett on Cv, sinet <A) 
Xx ri 2 
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sr Lar 
ana ^ ARA 


Problem 9 [3] - 


Given : Ineompress ble feu ۸ boundary همه‎ 


W= O, bm ۶ك‎ 
y i 


U s» 3omfs E ó s 5mm 
ا‎ | 
P = 1.24 kg im” | هل‎ 


: 4 | 
Find: (a) Show that drag, D» [| a وکاله‎ 
(b) Evaluate, fer conditions Shown, 


I 


Tots) 
e —R 


Bas «c equations : Qm L اهم‎ + TET 


T7000 


- رن‎ 
وځ‎ te d f, updv +f. upV-da 


cs 


Asseemphoas: (1) Steady flows 
@) No aet pressure forn e; By سه‎ FE 
(3) Fa, zo 
0) Un Ferro. Flow at section (8 
(5) هف و7‎ م١۵‎ ۱۵٤٨ Flows 
Thea from continuity 
4 


7 
Ó = f-/euws |} + E paused | ۸ Ma ; dej dy ^ trac م د‎ U uur 
Frm mame phen 


-F = Uf- [pu urs i} + ES putarcty/} + U mee = pf uttu? +ulo-u) ړول که لر‎ 


Drag = F - (patus )ur de - ¡Dag 
Y 
At Cp, ودیول وت‎ 2-43 dy = 5d) = ¿dy 
E : / 
Drag = J pU [25)- (E) Jo -víeto - wdy =pU و د و ال‎ dy 


1 
= )که نم‎ (2 -55*4 452-59)dr = م‎ wá [»* $994 »*-$»5] 
o 


= IUS 
2 LA iik duos tm, NES a Pra 
Drag = x / Ag Co) Es K 0.097, د‎ D, ابا‎ NI 9 
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Solution ! Apply continuity and X componert of POMEN RAM وسده‎ CV Show), 


A SHEETS § SOLARZ 
J SHEETS د‎ SQUARE 
J SHEETS 5 SOU ARE 


xa 


iB2 1 
-389 2 


tatana t 


[4] 


: E 
2 + |. pV-dA=0 EF, =F, +E =< | u av + | u ۷م‎ ۰ 0٨ 
ENS Bley ^ cs? 


Problem 4.100 


4.100 Air at standard conditions flows along a flat plate. The un- 
disturbed freestream speed is Up = 30 ft/s. At L = 6 in. down- 
stream from the leading edge of the plate, the boundary-layer 
thickness is 6 = 0.1 in. The velocity profile at this location is 


Calculate the horizontal component of force per unit width re- 
quired to hold the plate stationary. 


Given: Data on flow of boundary layer 
Find: Force on plate per unit width 
Solution: 


Basic equations: Continuity, and momentum flux in x direction 


LÀ 
ot t 


Assumptions: 1) Steady flow 2) Incompressible 3) No net pressure force 


6 
From continuity لا م-‎ ۷6 + Mpe + | p-u-w dy = 0 where my, is the mass flow rate across bc (Note: 
sotware cannot render a dot!) 
6 
Hence mpc = | P-(Uo = u)-w dy 
0 
6 6 
For x momentum -Ff = Uo (7e-Ug:w:8) + Ug Mp. + Í u-p-u-w dy = | | uN 
0 1 


6 ò 
Then the drag force is Fẹ = p-u-(Ug = u) w dy = p: Uy —- | 1-— | dy 
m Ug 
0 
0 


But we have —=-n8n- D where we have used substitution y = ón 


(using standard atmosphere density) 


0 

F 

f 2./(3 3 1 3 1 

osea. 5. S enda 

w 0 E 4 8 10 de oa 

F 2 

f l l 
Hence — = 0.139 x 0.002377: ~ Ree دا‎ 

w “12 slug-ft 

F al 

epi E 

Ww ft 
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[4] 


...” 
-- 
- 
-— 


E = 0 => - 
av + | V.dA=0 E =F, +E --[ i av + | t pV -dA 
E cs? : یه‎ Bx 9 کې مین‎ ° 


١ 
| 2 
١ 


Problem 4.101 


Air at standard conditions flows along a flat plate. The un- 
disturbed freestream speed is Up = 20 m/s. At L = 0.4 m down- b 
Stream from the leading edge of the plate, the boundary-layer 
thickness is 6 = 2 mm. The velocity profile at this location is 
approximated as u/Ug = y/d. Calculate the horizontal component 
of force per unit width required to hold the plate stationary. 


[d 
gt 


Data on flow of boundary layer 


Force on plate per unit width 


4.101 


Given: 
Find: 


Solution: 


Basic equations: Continuity, and momentum flux in x direction 


0 


dt ٧ 


Assumptions: 1) Steady flow 2( Incompressible 3) No net pressure force 


6 
-p-Ug ۷۰6 + mpe + Í p-u-wdy = 0 where myc is the mass flow rate across bc (Note: 
sotware cannot render a dot!) 


6 
Mpc = | p-(Ug = u):wdy 
0 


6 6 
2 2 
-Ff = Ug (-p-Ugw:ò) + Un Mbe | u-p-u-wdy = | | Ug +u + Ug (Uo - v) way 


y = ón 


0 n 
6 0 
2 u u 
Fr = -u-(Up = u)-w dy = Uy )ابس )اسا‎ 
f x 0 y p: Up y 
١ ٣٣٢ وت‎ 
0 
2 us y where we have used substitution 
Ug ò 


ef 4 "T. 
u u 


(using standard atmosphere density) 


w Up Up 0 
F 
f 2 1 1 1 2 
— = p-Un 6۰ —--—|=—:p-Un -ô 
w ٨0 G ) 6 0 
F 2 2 
f ; 
— = 1 1995; 8 x y” "e 3 
w 6 3 5 1000 kg-m 
m 
F 
R3 = 0163. 
w m 
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From continuity 


Hence 


For x momentum 


Then the drag force is 


But we have 


Hence 


Problem 4.102 [4] Part 1/2 |‏ لت دو 


Gwent V Nous of Ad ms DE S9ose- شعوفه‎ SONS DA, سوه‎ 
di Dom Gora چا‎ SE Woke and AN Nok} 


Ca £ OS 
Era Dow e DON ٠ چا‎ B له غه‎ AN CIN ee ل۱‎ l 
Ss ao press von OTL Ta tes dad. Xo EA ses 


: SS NOE: کي‎ a 
t WA. Aci دپ‎ M. qe پک‎ eed. cet eh 
SoG 


NS سا‎ a ae as oft Me PACKET ^ یری‎ 


E ene‏ سلا 


Wauki *- GROANS 


lo | | a ve‏ ام 

Fa Ss SM ee پر‎ WOR. ER ai | N 
EA A un E i | Ec: 1 E 1 

A A S MT ES C MSS PN G Splitter 


WSS ېسه‎ Q ne aL APURE Cortas, C CX. 


UK tue = © " 


H 
E 
3 
یا‎ 
k 


GN OG CN Aen V یه‎ NS هک‎ NC هو«‎ 
CEN mear y Tras = 
ED ARA 

| SY oo Ss E So Sea SS 


= OS ده‎ SX SS Sex. sad NE 


EA Gon Qe A A pAn a 
os STAN لل لد ۷ دا ود‎ 


BE c ATL = Wond =- 


Ma 
is Vo be Sh Qs SEA Ned NS Se 11 
| e o= D + SS E oru هم‎ s - p Eau O 
| as a که لیا‎ A a : با‎ e 8 
چیو‎ E ex IR هس الا‎ y B= CN E um BA 


os re AL ۸ نو‎ 
Bes A ARA X لاه‎ (gata RN, EUN TONI 
س نا‎ N U= Y costo ٢ «2 
Qo — ودن‎ ` eX cese Gn == ei E a) = 
( ze NM (s - a S (s - مع‎ 
CSS cote (rs ox N GN 
- es o 8e e (Reo j ولک‎ Ra 
cir. Ee ue P gem QV د‎ eu 4 1 
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——— Problem 4.102 [4] Part 2/2 | 
ya al | 
Más ol: Bs en coe anà 


— E Ve Aita 


Ore «presea. ES 


Flow deflection by sharp-edged splitter: 


a= fraction of jet intercepted by splitter 


Calculated Results: Deflection angle 
(س)ه‎ 0 (deg) 


0 o | | E 
0.05 3.02 j Deflection Angle vs. Flow Split | : 
0.10 6.38 | | 1 
E 80 i | 
E 0.15 10.2 i 
E 0.20 M45 _ | 
E 0.25 195 | gy | 
* 0.30 254 = o | 
0.35 326 18 | 
0.40 41.8 E i | 
0.425 47 | & | | 
| 0.45 549 | 8 39 | 
| 0.470 625 | & | 
0.480 67.4 B | 
0.490 73.9 | 
0.50 90.0 ü | 
0.0 0.1 0.2 0.3 04 05 | 
Flow split, a (---) | 
| | 
f i 


Calculated Results: Force over maximum force 


a {---) RAR, ۳ 
0 0 | 1۷ 
0.05 0.0513 Force Ratio vs. Flow Split 
0.10 0.106 10 
0.15 0.163 | 
0.20 0.225 | 
0.25 0.293 E | 
0.30 0.368 & 
| 0.35 0.452 | € 
0.40 0.553 | Y 05 
0.425 0613 | $ 
0.45 0684 | È | 
0.470 0.755 P 
0.480 0.800 چا‎ 
0,490 0.859 | l | 
0.50 1.00 0.0 | 
0.0 0.1 0.2 0.3 0.4 05 | 
Flow split, o (---) 
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Problem 4.103 T | 


Given p Plane set sir! king cli plate, aS Shown. No frichonal 
force along plate Surface, 


Fund: la) Expression for bh AS a fieneiion of A. 
| (4) Plot af resis, 
(C) Comment én limiting Cases, Gap any & = ga? 


Solution! Apply the x component of the monent EGA Trang tug 
the CV and cooráimates Shown. 


Basie eguatien: 


=ofr) =0f2) 7063) 


/ — مر‎ 
5 i ما‎ j i, wed tf ur e 
i es 


i ASS oT ons: UN No Surface force an ٧ 
E 
i: (2) Neg lect body forces 
: (3) Steady Elort 
(y) No change in yet Soeco: V, = Vaz Vas V 
(SS Un ifoem flew at each Section 
Fron sont 7/۳9 بهے‎ Ye, for Lac foe ېزم هبر‎ LE ا کک‎ bf. feng Ow سلو رصع سه‎ EVI رر و‎ | 


or 
A = big چد ئښ‎ =h, O° ha FAL, “ha 


pe 


Pre پس‎ sun) eye 


0= u, f-fevurn |p + vatrlevortil] + esf levurhs |} 


ly = Y sine TUE V lig enV | 

Û = e 50D uth, & Pr a e bs 
51265 - Yu. 159 fraps 6n PPS And Sime / LE 
0 < -smEb, thy lab) se m Az ے‎ bz 


10 
Flot: 


90 


30 bo 
6 (deg) 


At 8-0, aE 20.55 flou 15 ړا هت ډوه‎ Split uA} Plate Ad Yo et, 


At & = go? i ك‎ 10j plate bas na effect on f/ou. 
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Problem 4 [4] 


Guen: todd aos X ne GS ree voi Ne OS a eoe tw N 
un ee AO as 


Fiodor سیا کی‎ Session Sox aad اش‎ S یدل‎ SIN Compose 
^e Re Ny SOPRANO ON | XA me e 
Ay لهو"‎ RETOS MOT. A= NS. 


ESA Le Gr STEN us cL qe OLAL£ TR i 
Pac دنا سا‎ = S ES که‎ 5 E Yu an AR. Ase secas 


Sa PARA N E Gua 1 


a NN Sus Es 
os 

OE‏ د ادن 

y‏ ها 

~ aA. Ros 


e EEA ma Re AN zc‏ ووي ai TOSS CER‏ ۀت 
CN‏ چ م2 دا نا AR = C be he (aK Fe KENO = weds‏ دم 8 ES‏ 

E aus See ee OUS eS E په‎ NUN 
Ev Ag = EN LES e Un SEN ES 


A . FN s el 
Net Ow ex AN = VS کی‎ pode SSA de = ax ات که‎ ( DNS ceuo AK 


e.c NS FAS SSO a ها م۸‎ leues ae Sx tus Ga 1 
"Ne. "Ne Np UNT et ert ek 1 د دوت‎ Laan 


ES 


xa 
4 Voc Arm M 
کی ا)ح‎ 
$e Sar 7 
3 * سو‎ 


oran |‏ ښوه 


o 
AS LOND orina I" Es 


Error in 1-D thrust, e (%) 
ro 


0 5 10 18 20 25 
Half-angle of exhaust nozzle, « (deg) 


http://librosysolucionarios.net | 


T Ne هخه‎ Qed کا‎ ASA چا‎ 


= uo Ceu o3 n f 
Va = RRM R Lee |. HT BLE sn Na 


کا opere een‏ پمک فصا و وحا As‏ هې bos EEOC‏ | 


We qero ereo S DIA OS O ug ee ot a 


Brand‏ ولس اس 


0 "٢ 


Problem 085 


Given: Tanksand flat plate Shown. 


Find: Min inim he AT h needed to 
kelo plate in placa. 


Solution : APP ly Bernou غا‎ and rmormmtn?tom 
equatons, Use CV enelosing 
plate, as shown. 


Bas: eguatons : ع‎ + V. +93 = Constant 
=0(5) =pli) 
F = + DET! 
5x *^Bx ef upay npe 


Assumptions (0) Steady flow 
(2) Encompressible flow 
(3) Flow along a streamline 
C44) do Auce hon 
(5) Fa, =0 


APP ly Bernoulli frem water Surface to Jet 


/ A, eV u 
ریدو و‎ si Y a) So that ۷ * = 292 or راه‎ 


From flc statics, Psa = وم‎ H 


frum mamen Tem 


- Pag A = =PGHA= Lt, [-pua T Ar freva) =~ را‎ 


Gum V iz =O 
Thus, 45119 Bernouite, 
م = ۸م = ۱44 وم‎ (t3 A) = 03ص2‎ h4 


and 
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SQUARE 
SQUARE 
SQUARE 


دد 


سن 


Problem 76 [4] 


*4.106 A horizontal axisymmetric jet of air with 0.5 in. diameter 
strikes a stationary vertical disk of 8 in. diameter. The jet speed is 
225 ft/s at the nozzle exit. A manometer is connected to the center 
of the disk. Calculate (a) the deflection, f, if the manometer liquid 
has SG = 1.75 and (b) the force exerted by the jet on the disk. 


= 
I^ 
—y 


| 


AL 


V= 225 ft/s SG = 1.75 


V 
A Án] 


© 
I7 
I 


Given: Air jet striking disk 
Find: Manometer deflection; Force to hold disk 
Solution: 


Basic equations: Hydrostatic pressure, Bernoulli, and momentum flux in x direction 


2 


pov 9 o 
P T 4 ga = constant F =F +E --[ u av + | u pV . dÀ 
p 2 b. Sy B, ot CV p C S p 


Assumptions: 1) Steady flow 2) Incompressible 3) No friction 4) Flow along streamline 5) Uniform flow 6) Horizontal flow (g = 0) 


Applying Bernoulli between jet exit and stagnation point 


p v? Po 1 2 
ae ee POP Meir 
Pair Pair 
1 2 
. 2 Pair V A 
But from hydrostatics Po 2P = SG-p-g Ah SO Ah s————2———— 
2 3 2 
1 ft 1 ft 
Ah = 0.002377. 28x | 225.— | x NE Ah = 0.55-ft Ah = 6.6-in 
کې‎ 5 2.1.75 1.94-slug 32.2-ft 
7 p? 
For x momentum Ry, = V (Pair A-V) = مس د‎ 


T 
1 &Y د‎ wes? 
Ry = -0.002377- 2» خا‎ x —— x R, = -0.164-Ibf 


ft S 4 slugft 


The force of the jet on the plate is then F = —R 


" F = 0.164-Ibf 


http://librosysolucionarios.net 


[2] 


Problem *4.107 


*4.107 Students are planning a mock battle with water hoses on a 
campus lawn. The engineering students know that in order to have 
a greater impact on the adversary, it is advantageous to adjust the 
hose nozzle to create a narrower jet. How do they know this? Ex- 
plain in terms of the force generated by a horizontal water jet im- 
pacting on a fixed vertical plane. 

If 650 N is the maximum force that human skin can tolerate 
over a small area without damage, what is the maximum safe 
water flow (in liters per minute) that can be supplied to each hose 
when the minimum exit diameter of the nozzles is 6 mm? 


Given: Water jet striking surface 
Find: Force on surface 
Solution: 


Basic equations: Momentum flux in x direction F, = Fy + F B, = 2 upd¥ + Í u pV : dA 
l : à ot “CV CS 


Assumptions: 1) Steady flow 2) Incompressible flow 3) Atmospheric pressure throughout 4) Uniform flow 


۹32 Q! 400? 
Hence Ri = u1 (P141) = OA = + (2) A= ان‎ = E where Q is the flow rate 
TD 
4 ee 
The force of the jet on the surface is then F = —R, = P a 
T-D 


1 
For a fixed flow rate Q, the force of a jet varies as — A smaller diameter leads to a larger force. This is because as 
D 
the diameter decreases the speed increases, and the impact force varies as the square of the speed, but linearly with area 


For a force of F - 650N 


2 
TD -F 
4p 


Q = 
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Problem *4.108 Bliss | 


Given: Jet flowing downward, striking 
horizontal disk, as 4 hoon, 


| Find: (A) We loz ide, in Jet ath, 
(6) Expression for وټوټ‎ to hold disk, 
| (c) Evaluate for 930m. 


I 


Solution: App 8 Ge notu HQ and ynome pte نا‎ 
e9cca fons, Use av Shown. 


(4) Friction less Flous 
(8) Atmosoaherit pressure along Jet 
1 ې‎ Meg lect water on plate: Pez =D 


| (5) 
| Basie equations: ones v +33 = constant 
| =O) pon | 
| | 
| Ez t MBs «AL ur ghd UA ur pV dA l 
| ' 
i A ssuumptions: (1) Steady Flow 
: (2) Incomgpress ¿ble v lou) 

as (8) F lolo ato ng a Stren fine 
| 
| 


C) Uniform Flow at cach section 
The 7ه ه877‎ egeo. hon becames 


| 


Yo باو ې‎ = Ya4(0) or VY یا‎ + gh j Ve مء‎ || 


From the MANEAT وه‎ «a hon 


ES > Wi fev A } ts freed = teva 
ar, ری‎ LJz =O 
But fromm contin ty ر‎ me. £Vo/dg "EVA. Thus Va = Vodo; مه‎ 


= PVs Aa V = Veho [Vert Z4 h R3 | 


At h = 3.0m, 


T 


R; = 999 kg R$ m FT (voi) m Jana, Zy Term] fe 
me SY 


ES uv 


a تو‎ 3.56. ۸ upward force) Ry, | 


MM——‏ ېسغه 
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Problem 9 [3] 


74.109 A 2-kg disk is constrained horizontally but is free to move 
vertically. The disk is struck from below by a vertical jet of water. 
The speed and diameter of the water jet are 10 m/s and 25 mm at 
the nozzle exit. Obtain a general expression for the speed of the 
water jet as a function of height, f. Find the height to which the 
disk will rise and remain stationary. 


Given: Water jet striking disk 
Find: Expression for speed of jet as function of height; Height for stationary disk 
Solution: 


Basic equations: Bernoulli; Momentum flux in z direction 


2 


V 0 — > 
P 4% 49.7 = constant F. = Fs + Fp =< f wpd¥+ | Ww pV ۰. dA 
p 2 : z ki ot JCV CS 
Assumptions: 1) Steady flow 2) Incompressible flow 3) Atmospheric pressure in jet 4) Uniform flow 
Vo y? 2 2 1772 
The Bernoulli equation becomes EE +g0 = = + gh V 2Vg -2gh V Vo -2gh 
Hence -M g = wi (-p-w1:Ay) = TA, 
But from continuity pVgAg- p VA so V-A = VyAg 
Hence we get M:g = p-V-V-A = PV Ag: Ve -2.gh 
1 2 M- B 
Solving for h h=—. Vo =) ee 
2 
2 2 3 
ee z x 10.2 "mg e E. S g d 
2 981m 5 2 1000-kg 79 2 
5 25 
(E ) 
h = 4.28m 
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Problem *4.110 [4] Part 1/2 
Given: Water Jet supporting وم وڅ‎ | object, as Shown, 


Find: fay Combined mass of Cont ana Water, M, supported. 
(b) Estimate mass of water » Cv. 


Solution! Apply Connut ty, Bernau I, and menta Hen 
éguatons Using Cw Shown. 
"0!) 


Basic equatons: ps 2 de +| ٢۷. 
to} T pe fy L 


+ baa o By Ee gs. 


97 
"i = OL} va 
É, + Fag = f eat + |, WOW «ei 4 1 


mis‏ ددا = Sto ela Flo Y‏ )1 1 : د 
No fric Han : ; i ٨‏ )2 
mihne] required fry. Gero th‏ قبلع Flow a long a‏ )2( 
Entompries ble flou‏ 4( 
Unit fiow at each cresi-s€c ton‏ )5( 
a) ient‏ اع ey) ET -—D د٣ Qu AOE‏ 


Eleva] rfe] so YA =A: 
Free Bernoulli 1 x gai 
: ve" 4 و پا 4ے‎ ce 
سنا ونو رد و د‎ á 
Fom monntüTucenn 
Fey  [, wea = -Mg = sieh entre fleva} 
1d, = Vp kG = hass | 
or : i 
- M. و‎ V ev, لس‎ + V Ces. g V, Ar = ( Vg A, (Vs هکت‎ - V, ) 
SO (Y asof oA, 
Prope Bernat 


! 1 
A 3 X 
1 = (Y, *- 29H) ES ETE OL ten 2 $9) mj | 


Subst heting 
M=(10:0 £ ¿Om -in 2 «tn$3o*) 777 2 , ion , T (oroso) m*s* 
ZEIT em 
Ms 496 kg losa] mriass i CV: water T Oeyect) سا‎ 


p.//IDrOSySOlUCIONAarIOS.Nne 


ها 
ونا 
Lean‏ 


1 1 


١ نان‎ 


sl 
E: 


i — á F 


Problem *4.110‏ سه 


To fad massof water in CV, we haut 3 patas! 
۳٨ (1) assume area of yet Kk constant 


= = FF kg Ic, oS) 
Ms PSA, H EA Zo Umi im ې‎ ١۹۸ kg ; 
(2) use a Cv. that ¢ac/oses The free څڅځړ‎ Oli 1 


[4] Part 2/2 


| si 

Confess VA, * Yr As CVa d | 
: : ^ 4. i J : 

Bernowtic — V, - (V — 29H) . | 

Moment -Marg - uly 5-lev,4,1) rus (NA 7} = | 

l= Vz‏ ما 7 = ,لها 
Subs diuine i moment‏ 
s - V]‏ ,ام = t -Marg = V (PA) + WÜ SA)‏ 


Mur. = EMA lVe Ve) 
F 


سرد 
tÓp-$4))0 =‏ : 8 
کک د 3.9 (lo-‏ و سو des E‏ 


وو 


Mir = 2.06 kg o 
(3) Evalicitt the anta. ar acA Eroi- Sec han issig 
Bernoulli and antn tg, Then tihtgrate To رک‎ ¥. 
i WA, 
VA = VA, =Ñ -4p AeA co AD 
H " (y, + 023) 
Va A s ع‎ i پور‎ 
paf Ady -f x da <A] e dE 
a Cu - 293) 5 M > ji 


(- X Vs 
> wal- Fae و‎ S= fE 
This Gan مغ‎ integrated., t Wa”, +2 FTES 


| T ye . ۴ / و‎ ١ E a la 
Then V A, د‎ BAY] Grs 29m)? ] 
And Ma ph > pae M4), 2.04 kg (same as) above) 


This the mass ot He cone 15 Me = M—Mur = 2,40 kg. Me 
= ٧2 ¿TF le were cmaller or H مة/‎ PA decid effer mere | 


from lo aad tee yet Area would snereate »هرھ و بک‎ hy. 
Johon (2) Would SAM give The Correct result نا‎ [rte Hor 
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= Problem *4.111 B] 


۵/۵٠۰ Seam of air at standard. conditieas Strikes a curved vant 
p Shagnarten Tube with Lutkern-Fi lied pana er ın (t plane. 


Find: (a) Speed of air ۰ magle. 
(b) Horizontal emportent öf force FxgEC coo 0 wen by Jer. 
(€) Comment on each assimprion used To solve fhi probiti. 


sun Solution: Aya p fy the. defy ¿hen pr stagnation Presse re anda و‎ 
RE "t Cnpenea of fre rome hae tua hen. 
SHE Bu de fin rhea 4 T + + air y” 


PERSE ږ‎ | a E 
mii Prom fied Statics, 1» E "Pater 9 Ah 
يا يج دچ د‎ 


Fwadter G dh E T WE ar Y = | Zfwater gan‏ ٢د‏ وک 
i fair‏ 


ET tij df y 
1 a gi” ودنه و"‎ slug ٤ ^ a ME HS 


The momentem equated 1S 
= 


4 8 رولت‎ Stagnation | تسا‎ vane 
Fx + Fe, = س یي اول‎ T] 
REL VE ee | 
d 
< A satin 5ج‎ iti) No ne? 27٣ اګ‎ /" - force l نټ‎ | 
(2) Fa, =0 ایل‎ 


که 
rac fiew I. 85‏ )3( 
y boen flew x =‏ 
Vant‏ ته Conshant apttd‏ )5( 
Then‏ 
Kx = U {PVA} tatpvab =-—pWa(1+coso)‏ 


= 0092 ل5‎ Sieg, (ir tae FF FE (tiré) i) سه‎ 2,37 
Kx d E: (E) + (tes 3o?) lof 


Force Of aie an ware يضر له‎ -— Ry m FIAT fbf fh rig hr) 


Comments on cach assumption used to solve this problem: 
* Frictionless flow in the nozzle is a good assumption. 
* Incompressible flow is a good assumption for this low-speed flow. 
* No horizontal component of body force is exact. 
a Mo net pressure force on the control volume is exact, 


* Frictionless flow along the vane is not realistic; air flow along the vane would be slowed by 
friction, reducing the momentum flux at the exit, 
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Problem 2.2 [2] 


14.112 A Venturi meter installed along a water pipe consists of a 
convergent section, a constant-area throat, and a divergent section. 
The pipe diameter is D = 100 mm and the throat diameter is d = 
40 mm. Find the net fluid force acting on the convergent section if 
the water pressure in the pipe is 600 kPa (gage) and the average 
velocity is 5 m/s. For this analysis neglect viscous effects. 


Given: Data on flow and venturi geometry 
Find: Force on convergent section 
Solution: 
. i kg m 
The given data is p= کو رې‎ D = 0.1-m d = 0.04-m pı = 600-kPa Vi =5— 
m 5 
nD" 2 T 2 2 
Then Ay = Fa A, = 0.00785 m A) = P A» - 7 
a Q m 
Q = VA Q = 0.0393 — Vo = — V> = 31.3 — 
S A5 5 
Governing equations: 
y? 
Bernoulli equation P, E + g:z = const (4.24) 
ð f : بر د‎ 
Momentum F; = Fs, + Fa, = = / upd¥ + / upV «dA (4.18a) 
Ot Jev Jcs 
2 2 
Applying Bernoulli between inlet and throat P1 V1 P2 V2 
p 2 p 2 
Solving for p =p 42 (v "uy ? - 600-kPa + 999.2 (52 - 31.32) m x Ns! ادي‎ = 125-kPa 
: 02-117 2) E 3 ` 2 kgm 1000.N P2 
Applying the horizontal component of momentum 
2 2 
kN 2 KN 2 wk my? 2 nu 2| Ns 
F = 600. x 0.00785-m^ — 125. x 0.00126-m^ + 999.9. x || 5. | -0.00785-m* - | 31.3-2 | .0.00126-m* |. 
2 2 3 5 5 kgx m 
m m m 
F = 3.52-kN 
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Problem ( 323 


Given: Plane nar FZ, ie dscharg وم"‎ water | ll 
SHadi fu, striking AM mehed piate. T^ i 


Neglect frichen in eagle and 3 
along plate surface, 


٣ He 
Find: (a) Minimum »ههو‎ pressure at 2ه‎ Ie inkt: 
(b) Magnitude and gres Hon of force 
exerted by Water Stream 00 plate, al 
(C) Sker pressure distrib en on تر‎ iate. 
Exelam why The pressa isses ia don y 
15 ghaped as you She Hd 


Solution: Apply continurty, Bernoulli, and 079 که‎ aie 
using the £V and coordinades ام‎ 


1 Lato h WA, =e Ay +, j wW - ^g 
"n S و د‎ Be د‎ L 


sole) apia) 
Ry + = vedy + | velada 
y bo an P 4 d Y y Ve 


Assumphens f) Frictealess flew 
(2) Tacemaressibic Flew cv 
B) Steady few l @ E 
(y) Filas along a Stam pag anm 
[5S Lhiferem Flota at eauh seca Wo 


Thea from tortinusty V, =o -Eu~ pa Ii 22.99 mls 
As Em 


Fom Bernoulli og = gw -v5 وم د‎ ,.73- t$. و و‎ 


214999 fg ilz. zt - (et y] m^ ۱١ (TP ا کاو‎ NT 
Pig m lg ll J Hz WH A a kg 


in the absense of tre plat, Using enoui Ch. = ba)‏ يا late‏ .ها هنا 
PEA i‏ 
s‏ 
From momentum: Ry =0 since there is no frietied 00 the plat surface,‏ 


Assumptions! (6) Neglect mass of plate And of water an plate 
(n Atmoipheric presse ALES on entre Cv; Fa, = Es | 


48 4? 
Ihe) وو‎ im] miro) nisl ema] © AASE PQ, Smiet ass 
/ . j 
Ry * ۱٤١ y cos 305, 949 A x Oise agro = 204 Mj ما‎ Ryt TIIN | Ky 
Phe sêre ug Man mun ar Sagan aea, ار عا‎ (Hate) ar e ane(8, 


RECTE شا‎ high to *^an ar Wiat of stent هس هيت‎ ose | 
us ده‎ E له از‎ o a 


ARA ې‎ 


Problem 4 CUN 


cv 

Given! Egyptian water Clock, beo a: ¡A | 
Surface lêve! cores at n | 
fate, د غه‎ Comtant, 


Find: (a) Expression for ACh), 
(E) Volume ngeded Sr n 
hours! opera thn. 


the Bernoulli هه‎ V=/29 
a - - => 
Basic equations: 0 «EL por +f لم‎ 
5 + V. a3 - صت‎ a 
Assump tions: (1) Auasi-steady Flow; Sg mall 
(25 Lacompressi ble Het 
(8) Ua fern flote at each cross section 


Qu) Plots هله‎ AA 
@) No triction 


(4) fair «€ Pio 
Wiring Becnoutlo fram The /iqesid surface to the jet exit, 


Popma رچ ې ب‎ = e gto) ; 
For a, then V لخ‎ 


¡For the CV, EE Pua CE) 
| UR, ow 7 Luo Y + Flee AIP love Y 


di +p RA =0 


0 = pi + PVA = Pra Te 
But h decreases, so dh e =d. Thus 


Tata = y29 h A or a= Veg 2. ¿e 


For n hours’ operation, H » ne, ane 
«med «(fren A dh = £5 Ba (na) ^ 
y E TA dh LF 25h A dn = £^ fag (no) 
34 D 
b n 2A fag n له‎ 


or 


Check dimensions د‎ 


[y] = i? -fala ade - bttp;/AibjosysolàciotarjoSiet' p us 3u3 


Solution; Apply conservation ef mass and 


= 


vé) 


Problem *4.115 


Givens Low Speed Jet af incampressible | ¡gua mona Lead uw 
from ne33le. 


Find: Expressions fer VER), AG). 
Located whet قا‎ | 3 


Salut "TE Apply Cant ima rhe dng ron OTT 
egua hen Ling CV Shou. 


BAS te cad Ae د‎ 
- AO) 


" 2 
O~ E [ سم‎ + [ pind : 
= له‎ "D iJ 
5, + يه‎ - ait sr ed پا‎ +f wre V ol 


Li 


pions: (1) Steady Flous‏ جص دو 
(E) Encompress idle. foca‏ 
bariem Flow A iach Set ern‏ وځ 


(2) Parm ACES Every usher 


ET 
(5) No وس‎ tion يد‎ TO 


Then 
of. eda - [-va)* f+(v+avi(araa } : Va = vedo = dos Cant 


Pron rmaprnermiin, 

-P9 {ar Daz = Vi-evaf + (vrav) feelveavila+aa)} = الت شام‎ 
since AVdA << a. Also, since وه لك‎ “ dz, the Itt side لکا‎ 
Thus 

Ada -fyAoV or VaV --4d3‏ وعم 
Tategrating from Vo At 3, =0 tn Vat 3,‏ 


Ww al T 2 $ 1 T. 
d wen اد د اد‎ -~gd3 = 406730) =-35 


Thus Vi=vw -33 07 VG)=/W"- 295 


i e ڪي‎ 
Sine VA = VAS, ther A= ao > 


Al) = A بپ لکلب‎ = — ¿Tp 


Jalving fer 3 at ۷ -0, 
qe 
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E] 
a 


TIT T 


Problem *4.116 [4] — 
Given: Low-Speed jet of incormpress ib ie bouid moving doconcsdeg | 
from roza le. 


Find: Expressions fine VE), AG). Aa, 1 
et 
à 


Location where, A= Ag jz, 


Solution: Apply coatinarty and momentum M 2 8 
صوه‎ hend using CV show. “+ = v 
a we 
مرح و‎ loa A*dA 
ofi) | 
e 5 p قلے. ام ,.[ + يك‎ | 
805,5) » (1) 


r^ + Fay Een +f arp ۰۸ 


Assumptions: (1) Steady fiou 
(2) Trea mp لک(‎ ibi foul 
@ Unifrrm flow at each section 


dns, Acts ووس ې‎ Ea 
65) Ab suction 73 77 


0 - [, V-A = [val + felvedvidarea)} ; VA= VA, = constant 
From momenli, 

pg [A+ Bids د‎ vi- د‎ = -~pluvsdviaraa)} = = PUA dV 
Sines dvd <= dA. Also, since d Ady << da the left side iš £5 Ads . 
esis 

PgAdz -pvAdv or vdv= $43 
si Hd fom WS at3,-0 to Vat 3, 


y? n s 
8 Vov = EL = ¥-% = J a% = $073)* Jð 
Thus 
۷-٧ ez or V3) = {Va +293 va) 


=— ————— 


Since VÀ =b, A یف‎ ۵ 


Ag) A ۴ل‎ A 
6 ال‎ + 243 Jit 293/42 AGS) 


———— —nná— n 


Solving fev 3, | 


= i Ao : A à ys 
à 2g (&y-i] P fee A =>, Baez and e” En کا‎ 
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پو 


Problem ( 127 


Given: ېم و دلا‎ flau in narrow gap between para Hel plates, cs Shown, 


Fluid in تیدت‎ has پا‎ 


1 ! 2 
har: i rnotion, ek = Vix} 
2 دچ‎ 4 fori E 
a اس ل ا‎ 


Find: Expresion fre PL), al 


i pe Mi ev 
Solution: Apply contimuity and 
یت‎ x component of —— 1 | p+dp 


rhamenftcun equ a tori, | — 


>| 
Basie tguatons: 


" vog Cini: EM 


=ots) apti) 
Fey * 5j. = El ura + ماع‎ 


Asseamptians: (n) Steady fioc 
(2) Datampress: ble Flows 
@) Dnipra fico af each decimo 
ty) Neglect friction 


(5 Fey =O 
The n 
۵ = ل‎ = f-vurh} + f- اعم لغ‎ + [Cura vur af ; rhal = = dx 
v E rà Co, 0-0 "T Vio)= ; Vx) -& E 


Prem monerfeorn, 


purh -Cordp)urh = u, [fp Verhf + uy, eL ures f Laus, لال‎ 


uy = Y د‎ * 2 Uy پا‎ Vote 
Frbrm Eon Eon iitg , (Vedvierh = Vurh + à dx , 50 
—dpurh هنس ورد‎ +0 + Cv tdv Verh rat م(‎ 
7 e 
= “for + Cen +P Verh dV + vea 4X pa dv d 


H ad 
Meg lec ting Products N^ Jitters eios [dva £e), اه دک‎ with als i: T 


-de = ¿vdv * vea & - ev & T + لا‎ ox a ea P 
- db 2) Xn Y ox p Go AL Y a+ 0 
x.* bx, 
If plo)= fy, tren pe) RE f 
سا کے يم ول‎ 
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33 dint in 


اس د سنا 


"npe Problem *4.118 [4] Part 1/2 | 


Given t Un for Flows In APO GAP 6etvoeen OOo. nm fft (ANSeS, AS Shows, 


Liguid LN GAP HAS DA 
| radial motion, f y M : 


Find: Expression far plo); pst i 


Solution: Appley CONE ۶ ړم‎ and 2 ie. dà | 
THO IE ntum هياو‎ Ton ول‎ | 
4u She A ferential CV shown. 


| Per 
| 1 pov +f pV- JÀ | | 
ae | =DE) می دے-‎ )( | [ 
d j - a وله‎ c» | ۱ 
X Far + 2 5 da, فا‎ + [eV d | 
x j t e $ 4 
(d | ASstamptians ! a Steady Flow (6) Ab flaw in e dhrecton | 


(2) Encompressible Flous 

(3) Unifarm flou at cach section 
(4) Neglect frre tian 

6) Fe, =0 


6) 3d a E 


i Then . 
| "ERE Vas = 1-٧ وام‎ + 1 vh (rrdr dls} Vr m Constant 


For SR, Q= Vg 27۴۳ , so Va? ۵. 1277۴1۷ 


| From momentum, 


| O hr d& -z(ft SE hy drsn € $ tos dp} h (r+ dride 


= V fev hrdef + 777474 | 
£ 1 hs i 
Pp ds + pyar de + gap h dr 8 - pf + pdr + rdp + drape) hds 


(evar ds) ¿Note terms 1A braces are equal.)‏ زا به 


Assum ag Products of di Pappa are THACH Srriitler than single 
| differentials, 


=rdphdas -dV(eVhede) or dp رم مه‎ 


M a. : 2r 
Since Ve = ee and Vr = caAsfa A, = = É so els 


ptr)- Ratm 7 Sa) "Lie e] blr) | 


| Integrating, ple) pCR) = و‎ eve or PUY- pat = & Ng TVŠ) 
Node Since <R, that flr) < fora biela The disfes. 
| 
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[4] Part 2/2 | 


Problem *4.118 


The pressure distribution is computed and plotted in Excel: 


[RTP 
CEEE 
| 
| 


0. 
AP 
0.40 E 


| 
0:30 | 
| 


0751 oz | 


-40 > 2 Rh 


Dimensionless Pressure P 
3 
bo 
A 
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Problem 69 [5] 
| Given: Narrow gap betwee para ie | ehsks fitted with lieta. 


At t 05 upper disk begins fo move downward at Wa, 
Neg fect viscous effects; يموب‎ n که‎ Jh horizontal directian, 
Find: Expression fer velocity field, Vir). Mote Flow ځا‎ nat steady, 


Solution: Apply continuity, using the defavyna ble CV shows. 


EEE Basie equation: 
- - => 
RER : 
=$ Assumptions: (N Tacampressibie Flo ] 
3 (2) Oa terra فو‎ at Each rni Section 
: -2 F| V.dd =2 1 
: ٥ $ [ v [ 9-48 of + Varrkh 
dam E ah 
= E a - z 
J, dv Trh, 50 if oe = E (rep) = mr* په‎ 
in dh 
D = WS Vara = rro) + V ameh 
S0 


rm 
Vtt) = Ve cs Ver] 
If Va فا‎ constant, so h= ho Vet, ano 


Lar z 
V(nt) = Elh- fer ts vézt) 
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Problem 0 [5] Part 1/2 


Given: Liquid fasting vent rea lity p Shert, horizontal, rectangular 
geen hannel, Alegieet Listos effects. 


Find: (a) Expression fer hi in terms of he, Q, ana b. 
(6) Sketch surface profile, Oe). 


Solution; Apply continusty and momentum eq uations to (2) Aaite 
l Ev, and (i differential Cv, as shown. 


Basic eguations! Tx "m 
0 g مهام .+ سم‎ 
ati) 


نتا 
fay + rj. = 1 Lunae +f ug V dA‏ 


Assucmptions: (1) Steady Flaca 
tv Incompressible مه‎ : 
@) barren flow at each section "٢ T 
ê) Hydrostatie pressure distribihon; gh) - pol 
(5 No frichon on bed 
(y rental eed ; Fe, =O 
Thea tor finde CY Shown, 
- - : "I e] 
0-[, Veda =-0+Vebhe; M py 
Frami ویج‎ FAAP Lar 


ppb کیا وم - ب‎ = us fo] + ua [tpa] + us ٠م‎ 


Liz = پا‎ tig =O 


b * ا‎ = "ON = pa” i = > 20” 
E Cb - hi)? MPA "i; ra rn : |^ * is, 


For differentia! cy shown, 
é = L Veda = [venj + (-£ Ldx] + fr (usd v) b (brun) 
û ax + b(bdv e Vah) =- Ldx +b dV) ; ےا‎ 8 


Freer morrnenfu, 


"a Us -4b (hedh) a v f-eVveb} + of- CB ax } + (Vitel) ftelvedu) bh d4)] 


d d contra PTS. 
Usina بخ‎ 0 


(Be (-Zhdh + adh) دد سو د‎ (vidv) {went Bax | 
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Problem 0 
Ade 
-feg b hdh = efron ې‎ ey “en + pvbhdv+ CE var کم‎ dub 


[5] Part 2/2 


= - a 
ghdh * Vhdv +2 vay 
From tontinuity, VhdV = = Vath + Vel, دک ر‎ 


a 
= i = +A 
gh dh v^dh - benc 


Jalveng, 
Sx OM د‎ EB ۷ 
dh ¿av zav 


bL (V2-4h) “Lg (VAn - 


From finite CV Analysis, h, 7 ha, کک‎ E «D. Thes. .ب زور ا‎ As 
X mercas, V ff and ht. Therefore 


ys څپ وځ‎ 4 and / | f 


Sketch: 1 ؤ‎ ١ | 1٩٢) 
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EERE 


Eus 


FEAR aea‏ سیا 


i 


[4] Part 1/2. 


i 


1 
1 
1 


Problem *4.121 


Open-Ended Problem Statement: Design a clepsydra (Egyptian water clock) — a vessel from 
which water drains by gravity through a hole in the bottom and time is indicated by the level of 
the remaining water. Specify the dimensions of the vessel and the size of the drain hole; 
indicate the amount of water needed to fill the vessel, and at what interval it must be filled. 
Plot the vessel shape. (This is an open-ended problem when choosing dimensions for a specific 


application.) 


Discussion: The original Egyptian water clock was an open water-filled vessel with an orifice in 
the bottom. The vessel shape was designed so that the water level dropped at a constant rate 
during use. 


Water leaves the orifice at higher speed when the water level within the vessel is high, and at lower 
speed when the water level within the vessel is low. The size of the orifice is constant. Thus the 
instantaneous volume flow rate depends on the water level in the vessel. 


The rate at which the water level falls in the vessel 
depends on the volume flow rate and the area of 
the water surface. The surface area at each water 
level must be chosen so that the water level within 
the vessel decreases at a constant rate. The 
continuity and Bernoulli equations can be applied 
to determine the required vessel shape so that the 
water surface level drops at a constant rate. 


Use the CV and notation shown (Problem 4.97): 


Souter: (BAS le ¢ gua hens 2C 
"xf ee +f evita 


O = 
ap 4 +93 = coastaat 


ES 


Assumpriors: (1) Quasi "stas, fio 
( Into mpressible flow 
(2) Uniforri Flew Af each مب‎ section 
QU Fu along a SFred mlr 
(5) No Frit hes 
(6) Pan “Pao 


Becnoutfe from the ligue surface to the yer exit,‏ و/ الا 


F , 
a y ج‎ + gh رل رس د‎ geo) 


Por رو ند‎ Y p 


For the CV, 
<< Pun lh) * FH, (G) 


Sel fe de El DIEI 4, | I+ { leno val] 


Y uio 
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ada E‏ سرت ره lal‏ پو سا 


[4] Part 2/2 : 


fare 


Problem *4.121 


ón On PEE + PVA e poro + elegha 


But bh decreases, & E: mx. Thus 


TA a = y24h 2 pr A= EZREN h "e 


Forn hours gperahen H sna, and 
y Ju na p 
=) HAt'dh «f Â, = 2A 
^ A Y225 zr ix y 22. 


or 
v. = ZA 23 ر‎ 
2 


Evaluating and Plotting | 


Input Parameters: 


Maximum water height: H= 05 m 
Number of hours' duration: n= 24 hr 


ES) 


h (m) vs. r (m) 


0 9.5 
Radius, r (m) and r/R (---) 


Dimensionless Shape Actual Shape 

FIR hiH r (m) h (m). ee 
-1 1.00 -0.309 0.500 
-0.9 0.656 -0.278 0.328 
-0.8 0.410 -0.247 0.205 
-0.7 0.240 -0.218 0.120, 
-0.6 0.130 -0.185 0.065 — 
-0.5 0.063 -0.155 0.031: 1 
-0.4 0.026 -0.124 0.013| = 
-0.3 0.008 -0.093 0.004 E 
-0.2 0.002 -0,062 0.001; 8 
-0.1 0.000 -0.031 0.000) E 

0 0 0 0 = 

0.1 0.000 0.031 0.000; 5 

0.2 0.002 0.062 0.001| 3 

0.3 0.008 0.093 0.004! 

0.4 0.026 0.124 0.013! 

0.5 0.063 0.155 0.031! -1 -0.5 
0.6 0.130 0.185 0.065 

07 0.240 0.218 0.120 

0.8 0.410 0.247 0.205| 

0.9 0.656 0.278 0.328! 

1 1.000 0.309 9.500 ES 
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E 
Š 
k 


Problem 2 [3] 


4.122 A jet of water is directed against a vane, which could be a CS (moves 


blade in a turbine or in any other piece of hydraulic machinery. و‎ A oot speed U) 
The water leaves the stationary 40-mm diameter nozzle with a ZB | 
speed of 25 m/s and enters the vane tangent to the surface at A. y 7 i 
The inside surface of the vane at B makes angle 0 = 150° with the ١ L 
x direction. Compute the force that must be applied to maintain xod l U 
the vane speed constant at U = 5 m/s. A I 
صا‎ ee 
7 O === 
R, 
R, > 
Given: Water jet striking moving vane 
Find: Force needed to hold vane to speed U = 5 m/s 
Solution: 1 
Basic equations: Momentum flux in x and y directions. = Foe + Fp = 9 up dY + Í u pV . dA 
x Sy B, 2 7 
ot CV CS 
0 — 
E, = Fs + Fp = =f vpd¥+ | vpV.dA 
y ۸ dt CV CS 
Assumptions: 1) Steady flow 2) Incompressible flow 3) Atmospheric pressure in jet 4) Uniform flow 5) Jet relative velocity is constant 
Then Ry, = ur (70 V1A1) + uz (p-V5:A5) = -(V - U)-[p-(V - U)-A] + (V - U)-cos(0)-[p-(V — U)-A] 
2 
2 T( 40 -3 2 
Ry, = p(V- U) -A-(cos(0) - 1 A = —| — m A=1.26x10 m 
x = PC ) -A-(cos(6) — 1) (Sm) 
Using given data 
2 2 
k = N- 
R, = 1000.5 x G - اک‎ x 1.26 x 107 mx (cos(150-deg) - 1) x == R, = -940N 
m 5 k 
Then Ry = vp(-* Vp A1) + vy (p V2:A2) = -0 + (V - U):sin(0)-[p-(V — U)-A] 
2 k m d 3 2 Ns? 
R,-20(V-U)-Asin(0) R, = 1000.5. x|(25-5)—| x126x10 "m ^x sin(150-deg) x R, = 252N 
y y 3 5 kg.m y 


m 


Hence the force required is 940 N to the left and 252 N upwards to maintain motion at 5 m/s 
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Problem 4.123 [3] 


4.123 Water from a stationary nozzle impinges on a moving © 

vane with turning angle 0 = 120°. The vane moves away from the oo A 

nozzle with constant speed, U = 10 m/s, and receives a jet that ل‎ P4 | CS (moves 

leaves the nozzle with speed V — 30 m/s. The nozzle has an exit p 1 at speed U) 
— V 


area of 0.004 m?. Find the force that must be applied to maintain 


l 
١ 
the vane speed constant. l 

١ 


jm 


Given: Water jet striking moving vane 
Find: Force needed to hold vane to speed U - 10 m/s 
Solution: 1 
Basic equations: Momentum flux in x and y directionsf, = FK + F, p. = = upd¥ + Í u pV : dA 
l : * تل‎ CS 
a — 
F, = F; +Fp == vpd¥+ | v pV ۰ dA 
l y ۸ dt CV CS 


Assumptions: 1) Steady flow 2) Incompressible flow 3) Atmospheric pressure in jet 4) Uniform flow 5) Jet relative velocity is constant 


Then Ry = ur (70 V1A1) + uz (p-V5:A5) = «(V - U)-[p-(V — U)-A] + (V - U)-cos(0)-[p-(V — U)-A] 


Ry = -۷)م‎ U)^. A-(cos(0) - 1) 


Using given data 


2 2 
R, = 10098 x LE - w2] x 0.004-m x (cos(120-deg) — 1) x LT R, = -2400N 
m 
Then Ry = vp (~P: Vp A1) + vy (p V2: A2) = -0 + (V - U):sin(0)-[p-(V — U)-A] 
2 kg m i 2 Nes 
R, = p(V - U) -A-sin(0) R, = 1000-— x}(30-10)-—]| x 0.004-m x sin(120-deg) x R,, = 1386N 
y y 1 | J kg.m y 


Hence the force required is 2400 N to the left and 1390 N upwards to maintain motion at 10 m/s 
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Problem 4.124 ا‎ 


Enver: ٤/٣۱٣٣ dish and Jet l Y 
moving AS Sh Dun, uk Lg 

f . d = 10mm- 
Find: Force required To mantar 1 1 


dish motion. es 
zc] Enys 
f : X NL A m EN, 


Solution: Apply ANT nutty and لا‎ ln in à ; 
mame atin eg «aen to CY | 
moving te th dish as Shousn. 


٣٢ : = ot 

zax Basic £9 ua. T io ag: 2 ) 

389 2a ji e A 

= Leow th, Ynys if 
=s) =0¢1) 


£V dá‏ وسلا z = [^ Lug, pow ur‏ + غ 


Assumptisns! (1) Steady flow wrt. Cv 
de B) No Pressure forces 07 CV 
: (3) Horizontal; Fey ۵٥ 
GD United Flow at each. section 
(5) No change in speed of yet relative to vane 
(e) Incampresstele f fov) 


2 يو‎ Vins ¿de «(V-u)(- 72^, T. Bur. | 


Then 


May 7 Lo ادي‎ = Z [(6-020)* (0.00) raê = 2 abro mr 


Frond the momen tar equation 
5 : ar mo? م‎ + 7F 


u, = V-U u V-U Ug = - (V -U)eos «o? 


Ky = -p(V-U) zo cens) Ta - pOr UT. (Do) وو‎ Yo" 


= -pUO- UY E (0% ~e *)( 1+ cos 40") 


= = 994 وم‎ (38 - 1S)? کی‎ , 2-35 sio mn (19 do S07), AUS 
m3 Tus Eo. m 


Ex = 7167 N free mast be applied $e right) Ry 


ds : Ry = Ma, since there (6 neo nek mentatum Flax jr the y 
4 و لیس‎ Hon. 
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[2] 


CV in boat coordinates 


(4.26) 


2 


ws 
د‎ |B 


V: = 80-— 
5 


Problem 4.125 


4.125 A jet boat takes in water at a constant volumetric rate Q 
through side vents and ejects it at a high jet speed V; at the rear. A 
variable-area exit orifice controls the jet speed. The drag on the 
boat is given by Farag که‎ kV, where V is the boat speed. Find an 
expression for the steady speed V. If a jet speed V; — 25 m/s pro- 
duces a boat speed of 10 m/s, what jet speed will be required to 
double the boat speed? 


Given: Data on jet boat 
Find: Formula for boat speed; jet speed to double boat speed 
Solution: 
Governing equation: 
zoo ou 0 m د‎ = m 
Momentum F=Fs+Fp=— Voz p dV + / Voz p Veyz * dA 
OtJcv ^ Cs ^ i 


Applying the horizontal component of momentum 


E 2 
Farag = VCP: Q) + Vj (P-Q) or, with Farag = KV 


k-V2+ p.Q-V - pQVj-0 


pQ (22) 0٧۷ 


Solving for V V = -+ |<] + 
2-k 2-k k 
Let a = هم‎ 
2-1 
2 
V--a-c Ja +2:00V; 

; 1 m m 
We can use given data at V = 10 m/s to find a V = 10-— Vj = 25. 
5 5 


aay o a څه‎ + 50-0 = (10 + = 100 + 20-0 + O a= 
S S 


Hence V = -— + | — + — V; 
3 و‎ 3 3 

For V = 20 m/s e a Py ye 
3 ل 3 و 3 3 و‎ 3 
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Problem 4.126 [2] 


Given: Jet of له‎ (56 =0.8) striking moving vanê, 


Utims ېرو‎ 
fs 3 1 


A ¿200 mam? 


eM 20 mis‏ يچ 
L. = Ry‏ 


End: Farce needed to mate n Welle Speed Constant. 


Solution: Apply x Comporeié af Moser tit epuation ta moving 
£V Shows, 


"OX pla) 
p 
F4 £v e 


/38 دو صولاتصئ کیک‎ : @) Ao nét pres£are farce on CV; Fay » Rx 
E) 7g, =o 
G Sécadiy How 
(4) Frew conform at cach سو شی‎ 
5) Jet ara avd ¿esto relata D wine ore en ito 


The وړس ګګ‎ ryš sa FEM iat that all ټی يږ ړس برغ ےار‎ be 
Evajua Led refatiia bo tee Cv. Tate 


Ay = dt, ب سف اچ‎ (۵ /} + ile f/pw HEA / 
U, = VAT it, = —(¥ +U) 
ana J£, = -p(vtUYA = pve jA = -2e(Veu)'a = -236 fino (eur) A 


Re وو - ووو دوو‎ , 1200 mat m zu وت بر‎ ES 
Bc ge 


This force must bê apta t the [efe on the vant. 


{ Note Ay, واه‎ Sine there are fo vertical igompenenta of هځ‎ } 
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Problem 4.127 


Gwen: Airerat+ scooping buatan D ۷ 
fen labie ; w 


libto ga! "m naa Y 
Find: Added thrust needed |. x 


maintain ک‎ tó 
۵۰:7۴ speed during 521 


Solution: Ust ۵۷ moving with arena, as shown. Apply momentum. 
solía) 


=o) 
Basic equation 2 Fay + h ~ J Mus fdv +f Users PV ri 


Assumphons: (n Horarios mahon, So Fg = =f 
Gy Neglect Ug within tht CV 


(3) Uarerm fiom as inlet 5-٥۵٨ 
(y) Neglect hydvstate Pressure 


Rx = t, f- | pal} = -U pa) - *up& 
ما‎ ==0 
From dote. given 


8 p .ibzo 9a! _ $9  . م وع‎ 
lg sec 747 ga 


Fr an e Speed af = 715 mph (ito fds) 


E, = HOR. 2-943 Do کېل‎ Mts 
Y - W چ يچ‎ = 3, fwyo bf 


Then 


Aededed 
Thrust, Lens 
Ex 
)/ ۴ ( 5000 
Laca 
NI m Y A A 
5n 3S ioa / که‎ 


Secoping Speed, U mph) 


| 


| 
Thus at GO mph the addes thrust © 3,0 T0 bf, while at لا‎ mpg | 
The ace rusî دال‎ 6,400 MF, 
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Problem 4.128 [3] 


4.128 Consider a single vane, with turning angle 0, moving hori- 9 

zontally at constant speed, U, under the influence of an impinging oo A 

jet as in Problem 4.123. The absolute speed of the jet is V. Obtain ل‎ | CS (moves 
general expressions for the resultant force and power that the vane p at speed U) 


l 
could produce. Show that the power is maximized when U = V/3. ١ 
I 
I 


jm 


Given: Water jet striking moving vane 

Find: Expressions for force and power; Show that maximum power is when U - V/3 
Solution: 1 

Basic equation: Momentum flux in x direction, = Fs E Fp, — M bo up dY + 8 1 pV : dA 


Assumptions: 1) Steady flow 2) Incompressible flow 3) Atmospheric pressure in jet 4) Uniform flow 5) Jet relative velocity is constant 


Then Ry = ur (-P-V1:A7) + uy (p VyA2) = -(V - U)-[p-(V — U)-A] + (V - U)-cos(0)-[p-(V — U)-A] 
Ry = p(V- U)-A-(cos(@) -1) 

This is force on vane; Force exerted by vane is equal and opposite Fy = p-(V - U)^.A-(1 — cos(0)) 

The power produced is then P=U-F, =p-U(V- 0%A(1 - cos(0)) 


To maximize power wrt to U = = p(V- iy oon — cos(0)) + p-(2)-(-1)-(V — U)-U-A-(1 — cos(0)) = 0 


Hence V-U-2U=V-3U=0 U= ~ for maximum power 
Note that there is a vertical force, but it generates no power 
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Problem 9 31 


Gruen: ح لت‎ dish with D* MIS m ane yep 
as $40 آنا‎ 


Fires: (A) Thicanest of yet shtet ay Ku موک‎ 
(طا‎ Horizonte ۳۳ regen’ وې‎ 
máintiw. Oud mohoj. 5 
. ; 
Solution: "EA the momen fem 


epa tion ha CV mag £c shitt thekness 
th the dish, شه‎ Shown, 


: à f£ 
fasie epua ton: sa ld 
Fay د‎ ah T 81 لوان م يدا‎ +f م وود‎ Ve] all 

AsStumenons: (1) Mo Dressur Turcas 

E) ور سو‎ Fay =0 

(3) Steady You) were, CV 

flow at enc h section‏ يم مج ولا زا 

EJ Use Felat we veloci fies 

(b) Mo change n rele fuv velati وی‎ tH dis 


her 
Ae = uy, f -efv-w)a} + ity [eetv-t)a) 


e, = V-U ig = -VE eoad 
Ay = -giv-u)*A - 0م‎ U Amad )مو‎ ۷-(۰ ait cose) 
PP ۸٤و‎ eo, am a Arat 
a A Elo "وم لل‎ ( ecos o Pro 


Ry ——5.29 EN (force mustact to right) 


Apply donsérva taa of mali + غو مههه‎ the jet Sóttt Elles: 
Basic quate)! DE | fay + J, EFA 
Using the above Gisumphons, then 
ووا‎ PVA, + fU. 
W,*V-U و٢‎ A 2A, = zr 
Therefore ASA, = = a EMRE and t= d 


FR 


EXEC 
t= pio) m^. m e 7ر ا‎ io^? mo حم‎ Wan enm و‎ 
af vr 
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Problem 4.130 [3] 


4.130 Water, in a 4-in. diameter jet with speed of 100 ft/s to the CS (moves to Vj + Ve 


^ Y = 60° 


l A 


right, is deflected by a cone that moves to the left at 45 ft/s. Deter- left at speed V.) 
mine (a) the thickness of the jet sheet at a radius of 9 in. and (b) ———— 
the external horizontal force needed to move the cone. 


Given: Water jet striking moving cone 
Find: Thickness of jet sheet; Force needed to move cone 
Solution: 


Basic equations: Mass conservation; Momentum flux in x direction 


0 - = 0 و‎ 
= av + | V.dA=0 = = — ¥ Í V. 
3t Jev وې‎ ( F, Fs, + Fp, m updY + c"? dA 


Assumptions: 1) Steady flow 2) Incompressible flow 3) Atmospheric pressure in jet 4) Uniform flow 5) Jet relative velocity is constant 


2 
Then م-‎ ۷) A1 +P VzA2=0 )م-‎ ۷ + ve): 57 + p-(v; + Voz Rt - 0 (Refer to sketch) 
2 
Dj 1 1 
Hence t= — t = —x(4 in) x — t = 0.222in 
8-R 8 9-in 


Using relative velocities, x momentum is 
R= م-) ېه‎ VA) + uy (p 2A ( = Vj + ve) p-(v; + Vo) Aj] + (Vj + V¿):cos(0) (V; + Ve) Aj] 


R; = p(v + VJ Aj:(cos(0) -1) 


Using given data 


17 
slu ae "(pt Ibf.s? 

Ex|(100+45):=| x 2 x (cos(60-deg) — 1) x R, = -1780-Ibf 
3 5 4 slug: ft 


R, = 1.94- 
ft 


Hence the force is 1780 lbf to the left; the upwards equals the weight 
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Problem 4.131 [8] o 


Given: Series of vanes Struck by 
Continuotu pet, As s و فما صا‎ 


Find: @) Nozzle angle,a. 
(b) Perce. to bold vane spero 
404 4st. 


| 4 
: - = 3p" 
Solution; Apply کس هس وج ومو وو‎ : 
مځ 8 قدا وهو‎ A V FL. mi 
moving with Vannes که‎ Showa. —— d * وی‎ rem 
=at) =p(3) 


dies +h if FL uo pe + [ sags ام‎ A 


Assumprhons: (1) Mo pressie fortes 

(2) Horizontal; Fa, "0 

G) Steady fico wrt. EV 

En nifa Flows at each section 

(5) No change in refative Lloc iy pn vant 

lá) Flow enters and leaves tangent te vanes 
The noa le angie ma be obtained fram Fm foam try, The ya ket 
veloci re latinsha i thee n the Sketch: 


Bas egi at ian : 


U = Se mja 


Prom the laa of سک‎ 


San 1 ana 
Web W uU 


A = Sin [E sin (40 +6,)] "sm EE sin (1200 | = Ag" 
From the sketch, 90° =a ta 4/9, "ود "ےھ 0 = ,28 ,"5 = & پک‎ = 3p* 
Aloe Wip Load, کا"‎ Vr واه اه‎ a ge. ez, uL » Doms 
From momentum e cation (rote dll of pn itu فقوو ت ت‎ wioes) 

Kk = با‎ [mr jm] = Veain (m) Masi (mi) = Veo Ct, د“‎ 

tt, = Vp ser, Uy = — Ve) tin, : Ry = کہ‎ Veb (eos, + oso.) 
Thus , Sint. m “el, 


Ka = Web gal -siab : عص‎ ) 


= 50m, fiie 6۰176 mi? AT Mein 
Ss E: د‎ 


Ex = - 10.3 KN (to d) Ry 


Nose: The ner tiree وو ول دل نو و‎ He hs y 


Hom 


B ad 


ad 
rik 
: 
= 


r و‎ 


Problem 4.132 [8] __ 


Gruen: Series of Vanes Strack ba 
don naaus yok t Show . 


Find: For aro (a, 495), vanê 
Spectra, U, to máx ¡mae 
Power pro dueto by Vane, X 


Slut ian: A gelu rne men ba 
Egcurhon Listing Cy 
Moving with Yaad, dí Shaun, 


| 
*D(f) sgia) 


Basic equation: » > 
Fax t ‘by پو با $ د‎ gi فو سا‎ A 

کد hand: )۱( Ab preaseert‏ قمص کک 

E) Horizontal); Fax zm 

(a) Steady Flow ax rt. CV 

(4) Uniform flow atéach section 

(5) No Change n relative velocity on vane 

(6) Flow enters and faves tangent fn vares 


Fre x 20, Vr, et VU; the momentam equated becomes | 
fy = s f-m} $ ll Hom $ = =h N-O) - )می‎ Y-0 sb, m om (v-m) ist) | 
LL, 25 Veg, s V-U ; uas 7 Vea seth (VI) acre | 
The vane System) produces Torret, Ky = -Ra aad power P =k U Thus | 
P اه‎ =-&U = m(v-u)u(n aaa) (a) | 
Tb find maki mar payer, ott کاله‎ ao 
dÉ A E MOUS.) m rh 7٤8٧0) ient) 


Thus power U maximized whea ۱-2۴ «o, or Ue Y (foe Pras) U 
È 


{ Note Tram ,ېک‎ ١ that 6, — "وې‎ mercades Powe also. | 


Note alse that Ky = -Ry m - یدمه يېا‎ but this farce does por 
pro duce peut, 
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سه پا 


Problem 4.133 [2] 


Given: Cart propelied by steady water Jet, as shown. | 
Tota resistance to motion as | 


= pyt V-U, 5-34* ay 1 
U xA io | 


where k= ۵.92 لک‎ Y À | ۷ 


- | TT vu 
Find: Acct lera en of cart x Esa 
at instant مسا‎ U = 10 mis, 0 


Solution: Apply tht spe dr ریزو‎ pie vada که‎ shown. 


Basie equation! t rl “anc سوا‎ Sup? aA 


AssumprioaAs: (1) daty resistance د‎ Fp; E تا‎ = fps ku 
(e£) Horizontali Fax =ù 
E) Alegleet 24/02 of ma of water jn cv 
(4) No change in speed Co. to vane 
(5) Varform Found ay each eros sector 


—-kU* -art, Mey = Uy j= ې أ| ۷-8)مٌ‎ dy frelv-0Ja] 
Measure Li Wi. Ata Cv: de, = V-U lA, = -(v-u) Sand. 
T-kU*— همه‎ Mey = —p(v-UYA -flv-U) Asma s -piy-u)M( (قما د۱۸‎ 
50 
Arty وو 0 سه‎ ( - kv*] 
cs ii ndi E (pro zs m*( ن او دد‎ ] 


art, = 13.5 mis? (te righe) 
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TI 


c^ 


Problem 4.134 [3] 


Given: So): Her divich ig flow int Twp flat Sheamns As Showy, 


Find: (à) Mass flow rate raho, ma Ims, £o net vertical 
Tiree ٢ 


(5) مسوا‎ s a M need + manas tonstantsperd . 


Solution: Apply x Andy Components of momentum to CV di 
umh botendarres L T» flotos, As Show, 


Basic equatons: — its. e ٠ : 


2 Rp ded زو خد ابو‎ 
سوا بب‎ = 727 Y. ot 
Fa + Xen ting a T. "i 


Assumphens : (1) Me pre-sscere forces 

E) Neg eet mas) of water ph want 
(3) Steady flow Lu. r. tw vane 

(45 Unetrem Flow at each Sector 
(5) No change in Apted wr. to vant 


0= j read = fm, وا ها‎ tiem] 


Measure م .دا‎ to CV: v, =0 Ui*V-U امد( )يه‎ 


Then 


So 0 z(V-U) m, — (V-U)sio& em, ; mt. sine el 
rna z 
ana gh 4 : 
Fay = ff. UefVeidd = Rx = سه سا‎ + Uy J+ rita j| + Us [+ ms] 
Measure Lu.rtp avi U,-V-U ui*b Us (Uns) 
Kx - (V-UX-m,) + (V- coso (74) * (V-UXmaseose - m.) 


From Conn ua rfe, Ü س‎ tm, try 2-m, + 


y "د د‎ 
Fema! m - Im, 
Ry =(V-0) (2 m,coso- mm) = (v-U) m. 16959...) 

^s = 
| *5 “O 44 z 
Ry =f m., سپ‎ x (ES 10) m. ې‎ Fara ml £ cess 30° > 
Ryx= - يبا(‎ N (to le) i Kx 


Free must be cipplied ٢ lef 7b Gunter vane speed constant 1 
Hf Ey were Bere, vane labud y accelerate. 


http://librosysolucionarios.net 


ما 


:مت 
Lon‏ 


1 
1 
1 


E 


1 


EPI 


مس له سا 


Jl‏ يا 


f 


Problem 4.135 [2] 


Given: Hydraule catapult pf 
Problem 4.133 polna ti 
faves tench. A “e mid 
MsGtance, Speed د‎ => 
| Y, ALÍ 
Find! Time require d fo Arceitra?t | 
from rest do La Viz. 


olata: Ap غه‎ tampon of meant pá eg وه‎ 7b acce jera dag EN, 


Basic =O) =0(z) زاو‎ 


وہ ویس + X [ou^‏ = د د " equation:‏ 


Assumptiens: (1) Fa, =0, sinet no pressure. Forces, ne res tanta 
(2) FBy =), هھعصنک‎ horizontal 
(9 Neglect mass of water on vane 
(4) Litera flew د«‎ yet 
(5) Me éhange m relative W beih an vae 
Thes 


“Ont, Mey = )نا‎ | -elv-oiA} turf ep(v-u)a} E ام‎ 
u, = V-U itg 7(v-0) sine 
do a. ga (14 51a) رو ړم‎ ٨ 


To integrate, noi Site V * نصهۀ‎ ۵۵ ۰۳, d(V-U) =- du, so 


ول 
Us Y‏ 
¿pas ,‏ ا 1 - اد ar vl‏ 
VU e V ow Y M‏ 
Thu M‏ 
زرد + ر BVA‏ ** 
a‏ 
#0kq, -2 A — c —‏ - 
)1421030( "وم 44g ka 39.07 To‏ 9% 
t-0.595 s t‏ 
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2 
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Problem 4.136 


Given! Vane [slider assembly moving 
under influence of Jet. 


Find: Terminal Speed. y 


Solution: Apply X momentum eguaton 
to Jıhearty accelerating Cv, 


Basic eguation: ٢ m 


Fs 23 -[ ant, pate XL Leyes, Cot 2! Uxyz P Vaga 


Assumptions: (1) Harigantal motion, so Fay = ٥ 
(2) Neglect mass of liguid OA vant, اا‎ ۵ on vant 
(8) Uniform fio at each sec hen 
(4) Méasure veJocifies relative to QV 


Theo 
~ Mg A = ومه‎ = [jet U A I} tom] m [era] 
iL; F V-U it “O itz ۵ک‎ 
-Mgr “ME دود‎ 
or 


dU _ elv-u)*A 
dt ^ 


— JAk 


At terminal speed, dU RE =0 and U = Uy ,so 


eN- A و‎ 
0 رو ~ اځ‎ or Vou qa 


and 
٤٤ سی وروا د‎ 
t g^ , 
2 
= D m 30 kg,5.81m., Dad. LES Beat a 
00$ 7 s> "999 kg 0.005 m* 
Oy = /5.8 mj 
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EA M f 
E National Brand 
r3 


tdo Problem 4.137 [2] 


Given: Cart propelled by A hor zontal hguid jet of Constant speed, 
Neglect resistance Along horizontal track, 


Initial FH 5s 15 Mo. CV NT | f i 


I 
i 
Len ; P | 
| Fina 9 GEMerad Expression Y v | 
| Tor speed, U as cart + U 
| accelerates from rest. A | 1 
d N Cx WerSuis © taos x m qu I xc 
Solution: di diit ot 
S s Apply x component of moment equation using linearly | 
| accelerating CV Shower, | | 
| 20d) 702) aene | 1 


x | Basie Equation : 1 * 5 x App, CO E Uus ۷ afu n f xps 


: | Assumptions: U) Mo res H8 tance. 
Ee د‎ (à) Fm, =0 since track is لاه‎ 
(3) Neg feat ٤ yer y و‎ thun cv 
(4) Uniform flous at yet exit 


Tea | 
-arm = a flpual] = pV | 


. ارو و‎ 
| Fa candin tty AJ = M = mt = Ma - ېران‎ £ Usen Are = ال‎ 
> : 4 تو‎ a a | 
de BVO | 
de Mo “pA * | 
Separating variables and و(‎ rating , | 
Uu 2 3 ; | 
J oU = > f- LETS am VM (M, vA +) a Vin [No ) 
o Mo -PVA t o My و‎ VAL | 


or 


| a اه‎ ez) 


| 1 


i 
| 
1 


SIS 


eck dimensions : 744 و‎ LE واه‎ 
Check 06 [PvA ] nn 


ES a men da a Fa Sa اع‎ Sead هې‎ 
j یا‎ = 17 @ X= os وا‎ N= lu 
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p = 999 kg/m? 


Problem 4.138 


4.138 For the vane/slider problem of Problem 4.136, find and 


7 


plot expressions for the acceleration, speed, and position of the ۷ - 20 m/s 
slider as a function of time. rr 
A - 0.005 m? 


Given: Data on vane/slider 
Find: Formula for acceleration, speed, and position; plot 
Solution: 
. ; kg 2 
The given data is p= 999-5 M = 30-kg A = 0.005-m V = 20-— 
E 5 
dU (-۷)م‎ ٨ 
The equation of motion, from Problem 4.136, is T un tui LM £ Uk 
t M 

(V- U)^A 

The acceleration is thus a = EA _ "Bk 
M 
Separating variables ل‎ = dt 
p(V-U)-A _ g 
M Mk 
: du 
Substitute u=V-U dU = -du = -dt 
2 
p-A-u 
M & Hk 
1 M A 
du = — | ————-atanh P u 
p-Au g Hy pA gug M 
M 8 
M -A M -A 
and u = V - U so — | ——— -atanh P -u | = — | —— atanh P (V -U) 
Sy pA 8 pig: M Sy pA ادون‎ 
Using initial conditions  — M up Bs (V —-U) * um - pus V|=-4 
Sy pA وف‎ g Hg PA 8 pig: M 
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Note that atanh pus -V | = 0.213 - 2 
و‎ M 2 


which is complex and difficult to handle in Excel, so we use the identity atanh(x) = TE d forx> 1 
x 


so U=V- -tanh )سا‎ + atanh| ——————- | - — i 
pA M p-A 2 
SV 
g Wy, M 


| 
SIE 


and finally the identity tanh| x — EU = i 
2 tanh(x) 
gl: M 
to obtain U=V- AA: ee 
SW PA gMcM 1 
tanh} | ——————-t + atanh a 
M pA V 
gl: M 
For the position x = =V- pA 
t 


| | 8 pA | | 8 Hy, M J 
tanh| | ———-t + atanh — 
M pA V 


This can be solved analytically, but is quite messy. Instead, in the corresponding Excel workbook, it is solved numerically 
using a simple Euler method. The complete set of equations is 


glk: M 


1 يس‎ 
M 


x(n+1) = x(n) +| V 


The plots are presented in the Excel workbook 
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14] 


Problem 4.138 


4.138 For the vane/slider problem of Problem 4.136, find and 
plot expressions for the acceleration, speed, and position of the 


p = 999 kg/m? 
V = 20 5 


— 


“| A = 0.005 m? 


slider as a function of time. [^U 


M = 30 kg 
My = 0.30 


Given: Data on vane/slider 
Find: Formula for acceleration, speed, and position: plot 
Solution: 


The equations are 


-۷)م 
PO E‏ 
M‏ 


d N 


x(n + 1) = x(n) + | V- 


Es 3 
1 T S kem Position x vs Time 
H= 0.3 
A = 0.005 m? 
V= 20 m/s 
M= 30 kg 
At= 0.1 s E 
j 
0.0 | 0.0 0.0 
0.11 0.0 4.8 35.7 
0.2 | 5 7.6 
03] 12 9.5 15.5 
04| 22 | 108 0 i | 
05133 18 84 0.0 0.5 1.0 15 2.0 2.5 3.0 
0.6 | 44 2.5 t (s) 
0.7 | 57 3.1 5.1 
0.8 | 7.0 3.5 
0.9 | 8.4 3.9 3.3 Velocity U vs Time 
1.0 | 9.7 4.2 
11] 11.2 4.4 22 
1.2 | 6 4.6 
13 | 141 | 148 2 
14 | 155 | 149 13 E 
1.5 | 17.0 | 151 - 
1.6 | 18.5 | 152 0.9 
1.7 | 20.1 | 153 0.8 
18 | 21.6 | 153 
1.9 | 23.1 5.4 0.6 
2.0 | 24.7 5.4 0 . l l , 
2.1 | 26.2 | 15.5 0.4 
2277278 155 0.0 0.5 1.0 15 2.0 2.5 3.0 
23 | 293 5.6 0.3 t (s) 
24 | 30.9 5.6 
2.5 | 32.4 | 15.6 ] ] 
2.6 | 34.0 | 15.6 0.2 Acceleration a vs Time 
2.7 | 35.6 5.7 0.2 
2.8 | 37.1 5.7 
2.9 | 38.7 | 157 m 
3.0 | 40.3 | 157 0.1 E 
= 
© 
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Problem 4.139 


Gwen: Hye امه‎ tata pul of azar 
A | Problem 4.133 rû ding on نش‎ 1 > 
fever Trick with ress Stare, | اصص‎ 
Fp*kU* speed U, m í 
Starting from rest at 6*0. ii اس ال لتا‎ 


= 10.0 més 


i ٩ : zc x 
Fjad: (aj hena Azcelecadion دا‎ manentum 


pum | (b) Sketch of 6 Ws. tiye 1 . 

(e) Value of © fo raaxiemmae Qeeelerahoa, why‏ اش 

Ei (c) TE U wl ever reach V; exglaoatfre 

: عم 

He Solution: Apply x campontaf of momentum equadiea do accelerating C 
E. | 

tB | Basi ap ao pe | 

1 صا‎ 4 + 7 -f مره‎ de LS + tiun ا م‎ ry 

i Assumpheas: (1) Fs, =- Fp = KU", where kadar Noa? ln 


(2) Fay =o, Since Horizontal 
(3) Neglect mass of Londen On wie 
(4) Un farra f lev هړ‎ jet 
Thé (8) Ne change 10 له ځهام‎ veloci on vane 


| د الس د ولو لا ند | ٨٨۷-0)ءم-1| -kU" “ay, Mey = Us‏ 


y= V-L) وس‎ * —(v-u) swe 
" d ووی‎ čr) 
| 1 E i 
2 5 e (e-yy - kU “Aa 


(a) Acce eration ځا‎ maximum at t "0, Cohen U *à 


(b) Attelera hon vs. hot Will be په‎ Asymprune | 
i do zen 


Da t 


(c) From &g i, dUlde 13 maximum when هې‎ Th aad ډه وور‎ 
(d) From Eq. i, 2 will de te aero wher U «V ; dhis will be the 
terminal speed for tae cart, پا‎ From Eg. |, 28 ao tohen 
6) (٨/۳7 uu) = kU“ 
pr ) ددد شم‎ | * 
Del k 1 OY a TEY 
[e Sites" 


| U wii be Amparo fe to V. 
| http://librosysolucionarios.net 


[4] 


x 


CS (moves at 
speed 
instantaneous 
speed U) 


M 


Ts. 


0 


XYZ 


Uy, p dV + I. ورلا‎ PV; ` dA 


-Mayg, = up (70 V1A1) + uy (p:V5:A7) = -(V - U[p-(V - U)-A] + (V - U)-cos(0)-[p-(V — U)-A] 


Mary 


ot 4 CV 


Problem 4.140 


4.140 The acceleration of the vane/cart assembly of Problem 
4.123 is to be controlled as it accelerates from rest by changing 
the vane angle, 0. A constant acceleration, a — 1.5 m/s?, is de- 
sired. The water jet leaves the nozzle of area A — 0.025 m?, with 
speed V = 15 m/s. The vane/cart assembly has a mass of 55 kg; 
neglect friction. Determine Û at t = 5 s. Plot 0(t) for the given con- 


stant acceleration over a suitable range of f. 


Given: Water jet striking moving vane/cart assembly 
Find: Angle 0 at t = 5 s; Plot 0(t) 
Solution: 


Basic equation: Momentum flux in x direction for accelerating CV 


Fs, + Fa, — | 07, p 4¥ = 


Assumptions: 1) cahnges in CV 2) Incompressible flow 3) Atmospheric pressure in jet 4) Uniform flow 5) Constant jet relative velocity 


cos(0) 2 1— 


p-(V -U)^A 
M-argy 


t cos(0) 2 1— 


e(V - agyt^A 


Then 
2 
—M- arfx = p(V — U) -A-(cos(0) - 1) or 
Since arfy = Constant then U=a 
Mary 
0 = acos| 1 — 


Using given data 


1 1 
0 = acos 1-558 L5 x پر‎ × 0-197deg att =5s 
s^ 1000:kg m m 0.025-m 
15-— -15—x58 
s 2 
S 
180 

E 1177 Dy 8 

S 90 eee = 

: "ی ٢‏ نت 

uL NEM دږ‎ R 

سوب 
75 5 2.5 0 
Time t (s)‏ 


The solution is only valid for 0 up to 180° (when t = 9.14 s). This graph can be plotted in Excel 
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Problem 4.141 81-7 
Given: Vaned eart rolling with 1 
negligible resistance, 3 T 
Arg, = Zm|s = constant den 7 
Jet area 15 Alt), oregrammed, { e 4 
x 


Find: (a) Expression Tor Att) at care, 
(4) SkcichA for tus, 
(ê) &£ua la ate at bs. 


Solution: Apply € momentum To Cv Lurth linear acct lera tion, 
"O() زچوه‎ e (3) 


he + dd. “farted = Kv tf ayes ‘di 


Assumprhods: (1) No resistance te motion 

(2) Mrigontas motion, 50 Fa, "D 

E) Neglect mass of geet in CV 

P) Ln fren fow at each Ses fron 

(S) All velatifies measured relajrve to CV 

(E) No change m هه مه اد‎ or £pttd on vane 
Then (lant ry y =a) 


TUM = i, f-lptv -u1Al] ې‎ us f+ leiva} z = $e(v-u)'A 


u, = V-U L= (V-U)eos ito” = -H(V-U) 


Basic equation: 


Sine ûsa Constant, U = at, and 


Za M 
iil de 3g(V- a£)* 


At ,نه ئځ‎ Alo)=4, ه‎ 4M , Thus A. — 


ET وه‎ 1 Ae (i= at ۰ 
Sketch: نم‎ 
AE) 
A, هو‎ 
ده‎ — 
P غه‎ 
At t= 2 See, 
Ax 2,2, و‎ mo d z amm ٢٢ ma” Mz) 
sr 5 fom tm 23 mi 
99 kg [10 5 ES ] 
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i: 


AES: 


an 


Problem 4.142 [8] Part 1/2 | 


Given ١ Rocket sito £u “têr coop bratz, lal = 0,000 /óf 
Cv g 


Stationary Ho 
Scoop immersed in trough کا‎ WIS ein. corde, h = Zn وله‎ 


Find: Time nteded to decelerate to eO mot, Plot: Speed vs time, 


Solution; Apply x component OF rwonientcoun equation to linéacty 


Accelerating CV Base. EGU aurons 
T2050 Pus so/2) 


^ y 
P + Fi p) aT A پس د‎ +S زو ویس‎ 


A sEUMOtoas (4) Fey =O 


(E) Fax = 0 
Ê) Neglect Uys and 15 Mate, of change n CV 
CH Uniform flou) at each section 
(O Speed of water relativa Yo Sled نر‎ POL ag 
Then 
"AA یف‎ = tt; Í-/ptrush 1 tuz $ ساکام/‎ || jh, = C. ily = "¿eos & 
Arta Y = س‎ pO wh Circos), or ay, = fd 0 ماس"‎ ) / cosc) 
Ww 
Nous و دوس‎ 2E becaassc of Coo re ina € û chorce, Thus 
et ے‎ Swh 
ge Dg (eese y de 
ana U 
eu / / سي‎ 
" Mere peo mm = 
p U* Ü "E ( /*cosc ) 4 GY 


Sofv 1g for + ; 


" db - ر‎ lex 
O D] &whlitcose) 
NN 


br mi دون‎ : Yt us 


=| zs mc ATT $E. AE * Ga. E 


22.6 5 


et 
i 


The plot 1s presented on thé ExT Page. 
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Problem 02 [3] Part 2/2 


olang Eq. 1 for D 
/ m= bs i 
هب‎ w WU. 
LU. 
Or سنت چ‎ (2) 
Wesarh OF Ur egsast 
, | 
| | 
Plath ag, E 
500 
| 
= 400 | 
i i 
E i 
1 2 0 | 
s 3 
$ 
E | & 200 
“k 100 | 
| | 
0 
| 0 5 10 15 20 25 
| Time, f (s) 
| | 
| | 
i 
i 
| 
i 
i 
| 
] 
| 
| 
| 
i 
| | 
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Problem 4.143 B] 
Given: Rocket Sled slowed by seoop in water trough. 


Aemdynamic drag proportionas to U? At Uy = 300mjs , سدوا‎ 4 
Scoop width, u^ د‎ 0.3 m Cv 


Ar _L = 800 چ م ددرو‎ 
Find; Depth of scoop immersian to Slow Yo 100 mis in trough lenght. 


Solution: Apply x component of momentum equation USING linearly 


acce lerating EV Showa, 


b ۰ -P —- 
Basic equation : Fe, + rhe + J " arty par = £ Í ٩ xyz P dit -f Ursa Vas ‘oA 


Assumptions: (I) Fg, =0 
(2) Neglect rate of change of u (n Cv 
(3) Un frm flow at cach sec tion 
(4) No Change (o relative Speed of liquid ٥.۰٥٥ Scoop 
Thea f , 
-Fp - Marry, = U, f- |pUurh! t s f JpUurh If ; h= Scoop immersion 


u, =-U U3 Uasd 


* "t Fi Gn kt S SN kge 


-ko* - «۸ 2 = pU*urh (i*c059) , Since art, = dU ldt, 
j pu, 
Thus -MIE = [k rg urb (cose)] v * = -mu SE 
ae 22 -cdX, Where C= وور ار‎ lh ar wh CI cose) 


7 ENSE U 
Integratng, ro E = - € بي س ته € 0ک ر‎ (mE 


l z "joi (9) = /.37 Xo m" 


: ال‎ Mc-K 
Solving toy h, h  pur(reoso) 


-3 ma RP. a E = 0.0177 rn 
h سي سنا‎ pe AA 0.5 m (14005 209) 


h = 17.G mm 
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4 


-389 200 SHEETS 5 SQUARE 


42-381 50 SHEETS 5 SQUARE 
42.282 100 SHEETS E SQUARE 


cix 


NATIONAL 


4 


[3] Part 1/2 


Problem 4.144 


Gruen: Veni accelerated froni rest bir ch hay coul fe cat Guo rm. 


Meg fete ۳٣4 . y 


0 7 | کم KG‏ 299 = م 


b. » V= 30 ms 


A = 7م/8:7‎ 


End: Wehrle speed at t = § see. Flat: Vehiefe Speed کنا‎ tierna, 


Solution: Apply X component af MONA Ler? equation ALNE the Laca rie 


Accelerating CV Shown About , 
=al) eal) 47-068) 


: oe 7 = : Ü ae 
Basie equation | 7 + 5. g^ نز = نر د‎ ٠ Uy f Vy (co 


Assumpt ans! (1) fey 59 
(2) Fa, up o 
(3) Megiect mass of quid asd rate of charge ar ېه‎ ín ٧۷ 
(B) Unifarm Flout at Each seg tion 

(5) Jet area and pete Loch respect ta ve bucíc are constant 


-Margy = “ME sq f- JEA if wee, [e &-Uja i} 


e 


a V- EJ La ت‎ 


aa 


IZ 1:0 
ae m 


Note that Separate variables ta obta 


Inteagrata fram U's0 at fad وغ‎ U at &, 


n N-D ۸ Ye 
j aa foro RUND TN Sm xe eg IES Sone سر‎ E 
gay Venet. VU, VU V MR (VOCI) A 


Solving ; LEVA 
a ر به‎ f 
Payers) apg =" AA S 
77 خووي‎ C) 
it "£8 e 
For the Gita ٤ MA HONS AE t= رک ته‎ . 
! 
ے ے ودن‎ PFI EG 22 a donim ککي‎ cx = 3.00 | 
MA p E 709 e | 
Us FO 0. 2 5.00 سه‎ 22,8 m fs i U 
hal jx 3.020 ! 
nar SN 
1 
The platos gate next page. | 
| 
http://librosysolucionarios.net | 


ts LL eT ze 
ERE [OS TES REGE dune 


[8] Part 2/2 


Problem 4.144 


time plot m 
30 


25 + 


Speed, U (m/s) 


D 5 10 15 
Time, f (s) 
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Tht speed vá. 


E 
E 
E 
d 


Problem 4.145 31 


Given; ûrt accelerated trom rest 
by »لسه هت۸‎ Cata pult. 


i ¿E à 7 ~ AE i— /5 Y 
fae kU"; k= Zo اى یه‎ / a . x 
OT. rr Lo 
£449 kg 3م‎ 
Y ۶ Tn د ېر‎ eo ke 
A ۴ 0 کم ریځ‎ 


Find: (a) Expression fer aceclerabon 
rm terms of speed, U 
(b) Evaluate at T= 6 m/s. 
le) Fractia of UL. 


Basic #۹ عا‎ 32.727 ; 
Fy "Fey, -[ ante de =Å رز د‎ + | spa -dA 


Assumptions : (1) Horizontal, Fay =0 | 
(2) Neglect mass of liquid i0 CV (Components of عا‎ cancel) 
(3) Unifovrn flow at cath Section — 
(4) Measure AN velocihes nelatioe do the CV 
(5) Mo change in seam area. or speed an Vant 


Then 
-kU* = arty M = uw, § م|-‎ 6۶-0٨1 ( + ue f+ letv-0)4 } = =2 p-4 
iL, = ۷-۳ په‎ =-(v-0) 

d au kU 

a dU ے‎ Zealv-UY'A - kU* 

ant, ه‎ G 2 

At U = Jo mjsec 

2 9499 An-iD)*m?* Aa L Qa m "NR : 

a 5 "m. aol m ~ #10 وله‎ „oiar «kaim 


ant, = foo kg = 59? m. Oper. 


At terminal Speed, âri, =0. Then £g( V -U)' A = EU, or 
-u, « سا‎ 
V کم د پا يلا‎ 7 
Solving, = 
ving u j+ opa 


= 15.0 m/s 


t Lomas m3 20 01 /—0 kgm 
pe Trt 999 kq 0.00) حم‎ Ai 
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Solition: Apply د‎ mamen tam fer CV iuith linea azee [enu tien. 


a 
á 
LI 

= 


a Ai‏ لکش سیا 


Y) 


[4] Part T 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


(z) 


Problem 4.146 


Given: Small anta care rolling on level track, struck by a. 
mater jet, as shown. At دم‎ U, s دو‎ mises. Neglect air 
ESISTA NCL Aio Colfina و‎ TALES . 


Fined: O Time ard (b) distance 
needed +9 bring care to 
IESE Aans (Ja tar Ob), (t), 


۲ Fuere psa Using 
CS ane dv Sho. 
zD[) Ps 


Baste 7 Eo 1 ep V کار‎ 


Assumptions: (ا)‎ No resistance; Fay ٥ 
(£) Horizontal; Fa =o s 
E) Neglect Mass of water bn yant | Log e) 
Gn No Cha. ngs ii Speed Gieto vane | 
@ Univer flout at CALA eos - ووك‎ 


Then P : £ 
“Org, Mey = رعا‎ elena ld T e B (۳۷۰۸/۸7 
Orty= dU oe ی + را س بے‎ a 20 meta Cv) 
at 
o ~ a M = ÉF(V-uYA -/ Yu) acoso = P(Vtu Alcosa) 
Note V = constant, so OU = dy} UD. Substitunas 
e Alias) 
Mey)? M 
Integrate fram Lh at t= to soy, hen 0 
/ ] 2 : / 
XU iE E see a — x. = دا‎ Un TY = 92 ET da. اک‎ 
VU ya V VEU VS ^ V(VRE) ~ 
Has En BM | 
@ (VFUo) VA(I-Cosa) 
212.53M,105ég ms Se . Sec. د من وم نو د‎ 
E "$99 ¢ ke GU 23) Pas ہر‎ 400 xia "وم‎ (I- Cos ba?) 
i * 1711 Sec (to stop) 
M وو عنم‎ 
DADA AOR, go. dU do | gU. e UU Lo rre Eg) 
da de شه‎ cia 
— nad s yë N : 
USE M se UA (coso) 
Sepe radio variables UdU . f^ pear »د‎ 
) m 
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[4] Part 2/3. 


re 


Problem 4.146 


Equatiea 3 rue bt ited inated , Us 03 tables, aad lak GF ول‎ Farma C5 
at t =o fo Stop (tetea U-oj, 


0 7 v v 
UdU " E bg E بل‎ a PAE). 
(ert) z [L(y ru) Hoyo eos a + Ü Wei د‎ 


zu rip E Asset lig rv at 


2 TES 7277 tivi) 


d = pate LOS) 


ms / Her 


-S پر‎ 


cp 
Jr a eh 
cf FOLEG ma | 


SPILLS 


aa ela 


“Gad &. » * Geox qo n 


L= ian (Yo sho) 


Utt) 


eut, ۰ 


Lo al bt (9) 


E [ A سه‎ | AL o az dul Ira) - د و‎ Ms lirate 


From EG, Z Je general دک‎ is 


y " 
(veiw) 1 n 2L 2c. a Vinee) 
VEO Jr Vtu VAL, 


(y*u)* 


۴۵ )-هص((٤‎ 
‘4 


a at 


g 


Thus (yu = Aalveullyrust =aviveusttaulvruit [ler b = VEU] 


Sie pli ley - 


Ate fera ien m Dand creen EG, / 


ru):‏ زی د-٢‏ ے 
M‏ 


ay a cU 


er moo v * 


A RC 
Enteg rates EG. & کو‎ gee XS: 
Lb ٥۵ ځ# ان‎ 
f+ abt 
- 257 de 
[tact 


ee 
UOS 


CA 


aX = / ٧/4 


Jakara Rig 
z U Cvoí att 7 
xX I [Itas y, 


x > a Ano habt) -E fase baul itat] 


Muerte! yalues and plots Are or Fhe next. PAGS. 
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Problem 4.146 


Problem 7 = 


Given: Vane :ا کار‎ cer assembly mow 7 ې‎ 
under influence oF Jes. 


Fe s kU; k= Sls / 
Find: (A) Acceleration ar instant 


when u =D ا قم‎ 
Üb) Tera aL ات نړک‎ of sree, 


Solution: Apply x. momentum equation 
to meariy Aecelerating CV. 
nid £2 De.) 
fiy + pj. arme H) uenea «| ویس‎ Tag dA 
Assumphons: (1) Horizontai 50 FB, =ò 
(2) Meglect mass of liigad Of vang, kêo 0n vane 


Cà) bonteni fio at sach section 
(y Méagure غ ع طعا‎ relativa to CV 


Basie Egua tion! 


The 
“kU - art, M = Ui f~ [pv “A |} + يما‎ + rire} tus {+ ma] 
ay = V-U iy = Lig ۵ 
ku -MIU a -p(v-u)ta 
ey > 


dU |g(V-UYA _ ku 
at M Ma 


= 7993 (20-10Y*.0008 m* |. لاه دک هک7‎ kpm 
" " ao tg CNE 


dU . i mis* (at Lr=lomis) 
alt 


At terminal apeta, U پل‎ and dU jdt مد ,۵ه‎ 


k 


, L a 
o = (AVDA له‎ or yi-2uv+U*- Au =o 


fy Pt 
Los LS څ‎ i 


y هل نال علمشرف د‎ ga) v 8 vil + ae) Fay} 


zZ 
ېا‎ LL یې‎ i , Ag om 
dpa ^ ۶ m "494.9" fom Demi T 038 
U = 1] /.0395 + "T =} = ۵.75۱ V = bet, £0 DL = .کا‎ mis Ue 


1 The negative Mot Was chesen مک‎ U< V, as وچ‎ } 
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Problem 4.148 [4] 


4.148 For the vane/slider problem of Problem 4.147, find and 
plot expressions for the acceleration, speed, and position of the 
slider as functions of time. (Consider numerical integration.) 


Given: Data on vane/slider 
Find: Formula for acceleration, speed, and position; plot 
Solution: 
k N- 
The given data is p = 9995 M - 30-kg A = 0.005-m* vV = 202 ree 
5 m 
m 


2 
The equation of motion, from Problem 4.147, is = = AE Z kU 
t 


M M 


ku‏ (ا-۷)م 
M M‏ 


The acceleration is thus a = 


The differential equation for U can be solved analytically, but is quite messy. Instead we use a simple numerical method - 
Euler's method 


2 
U(n +1) = U(n) + pM - ED -At where At is the time step 
M M 
For the position x d =U 
dt 
so x(n + 1) = x(n) + U. At 


The final set of equations is 


2 
(V-U)-A kU 
HD 


U(n+ 1) - ven +| ۱ M 


" e(v-m%A kU 
M M 


x(n + 1) = x(n) + U At 


The results are plotted in the corresponding Excel workbook 
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3.0 


3.0 


Problem 4.148 


4.148 For the vane/slider problem of Problem 4.147, find and 
plot expressions for the acceleration, speed, and position of the 
slider as functions of time. (Consider numerical integration.) 


Position x vs Time 


Given: Data on vane/slider 
Find: Formula for acceleration. speed. and position: plot 
Solution: 
The final set of equations is 
ó 
AY —UY. 0 
TAT موو‎ EER EU 
M M 
2 
p(V-U-A kU 
ددص‎ - — 
M M 
x(n + 1) = x(n) + U At 
p= 999 kg/m 
= 7.5  N.s/m 
- 0.005 m 
= 20 m/s 
M= 30 kg 
At= 01 s 


-50.0 0.5 1.0 1.5 2.0 2,5 


t (s) 


Velocity U vs Time 


0 T T T T T 
0.0 0.5 1.0 1.5 2.0 2.5 


t (s) 


Acceleration a vs Time 
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a (m/s?) 


000000 | 99 
[o1 | oo | 67 | 289 | 
[06 | 52 | i34 | 335 ] 
[07 | 66 | 138 | so | 
[08 | 75 | dài | 232 ] 
Pos | 93 | 143 | 182 | 


Problem 9 Bl 
Given: Block anda yet د غه‎ house, 


Jek strites block at tsa. 


Find : (a) Exp دا.ددت«‎ for acceleration. 
(B) Time at tuhreh 8 x 


Solution: Apply x momentum equaten 
fn arie, aces lem tung ÓN. 


Basic قو‎ =) (2) 2: 068) 
fe fe [neo B mart د‎ 


Assumptions: (1) No pressure or Friction Tareas so Es, ٥ 
(zr) Horizontal, 30 Fi, = - 
QU Neglect mass of guid (0 £V, =D in CV 
(4) Litera flow) at dach section 
(5) Measure wetltocohes relative to Ev 

Then 


- Mars, som <4, 17 lecv eoa} سی سا + سه هق‎ | 


(Vs tr) ils =0 As *‏ ع ہف 


ar 
dU. p(veuya 
But, ance V = constant, dU =d (Vr UL), so 


div» u) 


t atA 
(vsu ye 
Integrating fram lb att=0 to =o att 


v v 
l Aoi casi =- v - _ pat 
uy Veo a v Vrs V 


Solv 118 , 


MU M 
ES PATI * PVA II) jt 
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Problem 0 1317 


Given; Block rolling between خرن‎ T 
Jets, d shown, ev , 8 


Speed is يا‎ at t =0. 


There à no resistance fur t>0. A 


Find: (a) Express in tr acce le cation, aft). 
©) Expression for aperea, UE). 
Solutian : Apply ^ momentum To hacariy Accelerating CV. 
moti) oli) 
I, + ih- edi ry, e de Hue t CP +A 


ASsStump tons: OG) Me pressure ar metan مهو‎ 50 fy =O 
(=) Horizontal, 30 "3-0 
C) Negteet Mass af ligas! M CV; tas D in CV 
b Darren Flou غه‎ fach section 
(5) Measccare alemê relative to CV 


M = MEE m e, [=| ¢ (=u) |} + ta f- Jel +4 |} tus feng} o]‏ ښنه- 


“=e V-U t= (ya ur) ادود‎ — (Aun 


Basic equation: 


Then 


or d 
mE = pA[- (v-uy* tivu] = Av] = 4evau 


Thus dU a- HVA de 


u 
Integra aU abso we ے‎ Y 
a E- vj, lwg a- SEVA. 


or 


UG) =U a 
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| Also 


[3] 


Problem 4.151 


4.151 Consider the diagram of Problem 4.149. If M = 100 kg, 
p = 999 kg/m”, and A = 0.01 m?, find the jet speed V required for 
the cart to be brought to rest after one second if the initial speed 
of the cart is Up = 5 m/s. For this condition, plot the speed U and 
position x of the cart as functions of time. What is the maximum 
value of x, and how long does the cart take to return to its initial 
position? 


Given: Data on system 
Find: Jet speed to stop cart after 1 5: plot speed & position; maximum x; time to return to origin 
Solution: 
k 
The given data is Hie .ووو‎ E, M = 100-kg A = 001.m? tyes 
5 
m 


The equation of motion, from Problem 4.149, is dU p(v+ ua 


dt M 
which leads to UD = - 
(V+U) M 
V+ Uo 
: : U = -V + 
Integrating and using the IC U = Ug att = 0 p-A-(V + Up) 
1+ — t 


M 


To find the jet speed V to stop the cart after 1 s, solve the above equation for V, with U = 0 and t= 1 s. (The 
equation becomes a quadratic in V). Instead we use Excel's Goal Seek in the associated workbook 


From Excel V= Bos 
5 

dx V+ Uo 
For the position x we need to integrate =U=-V+ 

dt p-A-(V + Ug) 

1+ t 
M 
pA(V+U 
The result is x=-V-+t+ Ml + l o) t 
p 


This equation (or the one for U with U = 0) can be easily used to find the maximum value of x by differentiating, as well as the 
time for x to be zero again. Instead we use Excel's Goal Seek and Solver in the associated workbook 


From Excel Xmax ^ 1.93-m t(x = 0) = 2.51:s 


The complete set of equations is 


U = -V + x = -V-t + —-ln 
pA(V + Up) p-A 


t 
M 


V+ Ug M E p-A-(V + Uo) l 


1+ 


The plots are presented in the Excel workbook 
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Problem 4.151 [3] 


,4451 Consider the diagram of Problem 4.149. If M = 100 kg, 
p = 999 kg/m? „and A = 0.01 m2, find the jet speed V required for 
the cart to be brought to rest after one second if the initial speed 
of the cart is Up = 5 m/s. For this condition, plot the speed U and 
position x of the cart as functions of time. What is the maximum 
value of x, and how long does the cart take to return to its initial 


position? 


Given: Data on system 
Find: Jet speed to stop cart after 1 s; plot speed & position; maximum x; time to return to origin 
Solution: 
The complete set of equations is 
Vit p-A-(V+Up| 
py no _ پو ای به‎ 
p-A-(V + Uo) pA M 
14 ———— ۽‎ 
M 
M= 100 kg 
ووو حم‎ kg/m 
A= 0.01 m 
U,= 5 m/s 


| £6) | x Gm) | U (ms) | To find V for U = 0 in 1 s, use Goal Seek 
له د خا‎ AA ELLA 


00000 [500] 
os | 170 | 3125 


[19 | 000 — 


| 08 | 188 | 056 | To find the maximum x , use Solver 
Lis سه سل چو‎ 


ASA EA 


To find the time at which x= 0 use Goal Seek 


[20 | o9 | 167] 


ERU سه‎ 
| 0.00 | 
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Cart Position x vs 6 


t (s) 


Cart Speed U vs Time 


t (s) 
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x (m) 


U (m/s) 


Problem 4.152 


Gien: Block piling behocen gagascag 
ees, as کہ‎ dou 


At t =o, Bock moves at Upa 0m 
> 


Starting fom X =O. E i 7 
X 


Find: (A) Time fo edece Speed to 
U = 5.8 (nis, 
(6) Fosrhan at that nistant, 


Solution: Apply x momentum equator ty مد/حصم:/‎ aceblerating CV. 
=i) =r) aja) 


Basie tguaton: 
d ٨ - tre عم‎ -A / cue +f tata: di 


ASS mgt rons « (i) No pressure D^ Frichon forces, 50 Es, =0 
دت‎ Horizontal, so Fax =O 
e Meg lec t mass of fi Gear jm CW; xp nn CV 
(4 Uhitere flow at each section 
65) Measure weletihes relative to CV 


Thea 
T, Mm = - لك‎ - u, |p -u)a |} + ue E tv په رون ته + }| همه‎ f i} 
U, = V-U ws- øU) leo Uy 
ór 
mE z PAL - يم‎ و(٨‎ + Grou) . هم‎ [vuv] = سف‎ U 
Thus 
dU . 4ev, 
a ee 
U 
Integrating, de Dto), = twi mE i د«‎ 
Thus dui ior de Chem ee = TSM É 


From 69.1, Uk) S = ue” are 


Arne tra, : t 
و‎ TET Lae Wry, . E (HR 


did 05 UA] ې‎ 495 MU, 2 0,238 MU 
eal ewe] په‎ ¿Ya PVA 
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O ee 


Problem 3 [3] 
54.153 A vertical jet of water impinges on a horizontal disk as UZ5mSs  .agk 
M= 
shown. The disk assembly mass is 30 kg. When the disk is 3 m MERE E ig o 
above the nozzle exit, it is moving upward at U = 5 m/s. Compute €“ = 
the vertical acceleration of the disk at this instant. CS moving 
at speed U 
h=3m 
A = 0.005 m? 
V=15m/s 
Given: Water jet striking moving disk 
Find: Acceleration of disk when at a height of 3 m 
Solution: 
Basic equations: Bernoulli; Momentum flux in z direction (treated as upwards) for linear accelerating CV 
y? m = 
سور‎ = constant Fy + Fp -[. a. pd اپ‎ ou T. dV |. Wax Voz dA 
Assumptions: 1) Steady flow 2) Incompressible flow 3) Atmospheric pressure in jet 4) Uniform flóMl! in jet) 
2 2 
Vo X1 2 
The Bernoulli equation becomes ——+g0= e e(z zo) ME | Vo +2 & (Zo 2) 
m 
Vi= + 2x 9.81-—-(0 — 3)-m Vi= imt 
5 
The momentum equation becomes 
-W - Mars, = ۷٨ )-٧۷ړ-۵ړ( )۷2م‎ ۷-۵( = ۷ Ut P (Vi UJ A1] +0 
V 
2 0 
2 2 piYr- U) ‘Ag — 
Hence auc, = ٧ | سه نه‎ = Poi ) A = | | 1 using VA, = VyA 
rfz M M 8 M 8 141 7 ٨0 
k m 2 1 m 
arfz = 1000.5. x )12.9-5( | x0.005-m x x — 9.81.— rfz = 2.283 
a 5 12.9 30-kg E E 
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[4] 


CS moving 
at speed U 


h=3m 
D=75mm 


p V 0 7 ۱ 
= + — + gZ = constant E = Fe +F =< f w av + | w pV -dA 
p z s. B. = 3r Jev p ce P 


Problem *4.154 


4,154 A vertical jet of water leaves a 75-mm diameter nozzle. 
The jet impinges on a horizontal disk (see Problem 4.153). The 
disk is constrained horizontally but is free to move vertically. The 
mass of the disk is 35 kg. Plot disk mass versus flow rate to deter- 
mine the water flow rate required to suspend the disk 3 m above 
the jet exit plane. 


Given: Water jet striking disk 
Find: Plot mass versus flow rate to find flow rate for a steady height of 3 m 
Solution: 


Basic equations: Bernoulli; Momentum flux in z direction (treated as upwards) 


2 


2 


Assumptions: 1) Steady flow 2) Incompressible flow 3) Atmospheric pressure in jet 4) Uniform flóMl! in jet) 


V1:A1 = ۲٥ 


Q = ال‎ 


0.06 


2 2 
Vo 34 NE 
The Bernoulli equation becomes E +80 = کي‎ + gh Vi =, Vo -2gh 


The momentum equation becomes 


-M-g = wr (PVA) + wz (p-V7A7) = ۷) ۷٥ 


2 
Hence M = but from continuity 
8 
2 
PV Vo Ap ېم‎ ۲0 2 
M = —————— = —— | Vo and also 
0 
8 4 8 
This equation is difficult to solve for Vo for a given M. Instead we plot first: 
100r 
80r 
5 60r 
=> 40r 
20r 
0.02 0.03 0.04 0.05 


Q (cubic meter/s) 


This graph can be parametrically plotted in Excel. The Goal Seek or Solver feature can be used to find Q when M = 35 kg 


3 


Q = 0.0469. 
S 


http://librosysolucionarios.net 


[3]... — 


Problem 4.155 


Given | Focket shed on borigorrta 1 track, Sled Lb remor notet. 


mass Me 1300 kg Jai hal sorted O = 500 mls‏ اشا م1 
als Exhaust soid o M, x 2800 rnís‏ 7751 خد Mass Kew ate hi‏ 
Firing fmc Éko * 28.6 S‏ 


Nea tect atrodyndane drag and Alag res shines. 


Find: (a) Algebrait éxpre 85100 Tav Sled speed U as A rene hon bf t. 
(> peto! artad E و‎ ket لا ار يی‎ 


Solution: Apply X "tempentnf of pa ددم ات جخه‎ eguahoat the [meri 
Accelerating CV /ک‎ 


Free conti ۱ A 
٢ X 


May = Me amt, £ € ty 


2۷ 


=al) ,*o(2) #03) P 
e ES, + E ~S مه‎ pen dern 2! xa Pez" de 
legua oU; 


Assumphens: (5) No presstere, drag, or +0 fh ng reels Fate, So m =۵ 
G5 Horizontal motion, Áo By د‎ 
(3) Ai£4 lect Ostia y eK وا‎ within CV 
(4) Uniform flew) af NO 33 fe. fx it plane 


(9) fe = farm 


: : کاله : ے له 
OO “Arf Mey = ue {+ a} =+Vem or E - fem i eor m‏ 
dt c m‏ 
Ue = Ve‏ 


Thus A= Me (EE) aad U = Ve Lan (Marty, = eLa- E ) 
ar t 


Ute) * Uy + )فا‎ OF) : te te, 


t = 500 2, 25800 m Lal > 7.754 220105, +! 
At boy U ftp) P + پر‎ í = * Ex [EDO E) 


U (tuo) * 221 mis 
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چا‎ 
de 


Problem 4.156 [3] 


| Given: Space capsula in level tig bt above ATmasobere . y | 
| x 
Us i £o kks Y 1 
| M, سه‎ Lon kg | 


| Ve = 3000 m/s 


Solution: Apply x component of momenten to CV Lutte linear acce lena don . | 


0 ره و‎ 
5s da pL = [ase +f له" و وید‎ 


| Assteunptions ! (1) Mo pe sis TuLoce ; Fox =ô 

سا لو أ a‏ 

f C3) Use ve locis rmeastase o relative to CV 

| C Neglect velocity Lorfhe Ly | 
: f E) Uniform flow qt exit plane with neGNGI blo fo, ices | 
From CONHAT, 


7 Bast eguaton: 


2 Ef, ede B e وم‎ dj m ch; Mle) Mat 


Prom momentum, 
l — = gU ره‎ c : s 
Arf. M — e (Maat) = Le i+ na} = Vw 


This 
| dU .. Veni de = VE 
zi Als - mt 

| qs "E ا = یران‎ rat 
v HIE لت وف‎ ub vari د‎ Ve در رگ‎ Ma- ae] = Vb Lion) 
| o- ve 
| Solving top f 

7 : + UTA 

id : که‎ j Mo ché * ME Me 
9 


2 سي وي پر |o‏ 


S.00- 8.0 J, 5 
= /600 موی‎ / _ ef ¿E w "3oom. se 1 
وځ‎ / ٤٤ ک‎ E 
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tt Problem 4.157 [3] Part 1/2. 


Ces E مه مه لهو‎ EAE a cab مع‎ 
mass. Wes looo SAMA sS aa 
no ME د‎ oe Esos fads GL rois $ ws I^ lol 
X CE rS ow untorn amd ook 
SOARS i 


REA = taco E mia 
| Ra à eade Vea, Our and cha reas Css 


Find. ۰ که‎ pero Rated b o. 


i QS TAG OLAN TOS N حم‎ ved duce i3 SOSA. 


Aa. e dea Speed and eS as Xue Sons cC Nw. 


SAR هی‎ 
Mega Me venere sg m | د‎ N 


Mosa Lq yes MORS i po د‎ ae په‎ eB = E y ده‎ MOSES i2 


esos ens. A co acl لد وړ‎ Sores | M S. ES 


MI ni arona) Band نز‎ 


¡E نا‎ a duo, Feo e PI y 
SD v qe Ban UN a کاو‎ C un | fv 

CANA ue تا‎ dp AA 

Mes T Vice ND uer AER i ; E U 
APIS 
Sets N= - EX AN = au Ge AG p m 
Se por hna Mas اک الما‎ 
* ASS TAI C as: 
Wor “Wt 


ATS cot Seow Wee ot kero Nu ^w S A 
> ول‎ RS GL- aW = ا پل‎ SN 


زان رن N‏ 


e Sue " a PON, که‎ Wen اا‎ Bm Mars تت د‎ 
and We ٢-۳٣ e AS 


Wa AS eee E " No MESS | Na +S = AOS 
Xo Lal e 


da.‏ - کت 


ms T So 

Fron Vas e مهلم‎ S کلک خا‎ 

SOS % v aid d OAM Ab ak ېلا‎ 

he WOE SA NOW دي‎ AA یه‎ Sul UA ener vo 
کي ې‎ 


Ska. eon S‏ _ څه 


ad - A HEN - SN = 
AL or, % E eta - 
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Problem 57 [3] Part 2/2. | 


Se ed spud as c. E noe. ec ues - 


= AV & ES A. 


NAS TES = LA ON ES MO egy ain 
٢ APN O At cc. a Sa 


nie WT TT‏ که 
ferae‏ کټ غه 


Oo kee ros‏ = په 


Acceleration and Velocity vs. Time for Rocket Sled: 


Input Data: 
Mog = 600 kg 
mídot) = 15 kg/s 
۷ کي‎ 2900 mis 


Calculated Results: l : | 


Time, t Acceleration, Velocity, U 

(s) dUidt (mis?) (m/s) T 

0 72.5 0 E 

1 74.4 73.4 > 

2 76.3 149 E 

3 78.4 226 | 5» 

| په 306 80.6 4 

کو 387 82.9 5 

6 85.3 mo | & 

7 87.9 5588 Š 

8 90.6 647 3 

9 93.5 739 E Acceleration | 

10 96.7 834 < | 
| | 
| Time, f (s) 
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— Problem 4.158 [8] Part 1/2- | 


Guen: Roke ded si RRA mass of 4 Ss Xena, , دیا‎ dan 
X Non of Sask . Aion resi ara یئ‎ gen لدې‎ 


Unene B= 152 lmls, 


Y | 3 , | اص‎ 
«7 eas: l i CM Fe = ey 
T VN اپاۍ-‎ S 7 == m 


Ve. Ses SPU سو‎ s oXXec Marta Sen US V 


Má: چیو‎ Sed ond dere NS d Lario of Ne. 
Sesion \ 


Wea Qe. اح فو و په‎ of Qe Mone NLS eq y-oX Aan ko | 


ee peers ANG CX Moon Fe a 
zoli e 


Dosw 2g poo Feo Ac ¡EA pan = FARINE MEN IN] 
سم‎ BROS", ws Poe Dae, هني‎ Lo Neu پس سم‎ 
(2) د کد‎ und با‎ As ns کے‎ . 
کپ‎ SS NS OT Qos OX, uu Dane i 
a, 
-ELTRA NN که د‎ Lalo eis (Fees وه‎ 
Veces eere " ک ند‎ DN A, : SAS AL p va OC = په‎ 
Ao وې ها‎ SS لت‎ us 
د په تا ہل ے ته‎ 


UU A OR‏ سکس وپ 
š NN X |‏ )نا \ NÓ‏ " \ دود د 
| دک اد د Y M X SN‏ 


e X: T S e‏ شعغه 
ھ په SO : N Ra, Weed‏ 
اچ لاک سه E‏ مځ )املا OEA‏ په 


me iu National “Brand — 0 


KV 
NA oe = ku E ( VN SUN 

Wo‏ مل 

- Man Y q 

See Mg en te Be کک همه‎ 
X, Le vos 
We MSeow Sa س‎ Na” t asta NOS د د‎ M شه‎ ON 

EN ASAS OS See ae * wool i2 

IE په‎ ENE U 
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Problem 4.158 [3] Part 2/2 | 
H A EN i 
Ade Bear a Gad moda ما‎ Aree Ead خکۍ‎ hs == Oo 


v9. A Ke A34 
Me Sed S Qaa d. OS خو سه ې‎ of Se: NS NORD 


1 s i x 
W= p pe NY F ott 41385 


ES Gu See vere که‎ Now NS aS ond S 
es re dou No Qe. cA weston . a = SRA 


تیل په 


lor o bee WS 


1 Ox TAS = Wwe 
کا‎ Bas A= ond 
KS _ — ds 


ES NO GA 


i 
E 
3 
te 


as - && 
> "ECT fadus 
Nada Boi for د هېن‎ mAs, BU ALL 
د که‎ «x QW MEE RAD 
| ENCIMA 
o 
i 
سن راي‎ [xx | Velocity & Acceleration of a Rocket Sled 
400 ~ 
"EE 
d 3004 
RINNECIN NE NN El 
چ‎ s 
a0] x5 1-7 3 2%] 
[90 | 253 | 281  ] 2 sl dd | 
Pr E 8 | 
3 100 4 w = = Acceleration dU/dt | 
12.0 = ] 
EN سم‎ A eee ee 
13.3 ال‎ ae د‎ ; CEE 
14.0 = 5 | -s0 9 5 10 15 20 
15.0 | 360 T" 
NETO PA | - : = 
17.0 
[180 
20.0 
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Problem 9 [3] 


4,159 A rocket sled with initial mass of 900 kg is to be acceler- 
ated on a level track. The rocket motor burns fuel at constant rate 
m= 13.5 kg/s. The rocket exhaust flow is uniform and axial. 
Gases leave the nozzle at 2750 m/s relative to the nozzle, and the 
pressure is atmospheric. Determine the minimum mass of rocket 
fuel needed to propel the sled to a speed of 265 m/s before burnout 
occurs. As a first approximation, neglect resistance forces. 


Given: Data on rocket sled 
Find: Minimum fuel to get to 265 m/s 
Solution: 


DTE I. pz PV, « dA 


Basic equation: Momentum flux in x direction Es. + Fp, - 8 af p d¥ = 3t M 
; 1 lk c 


Assumptions: 1) No resistance 2) Pe = Patm 3) Uniform flow 4) Use relative velocities 


From continuity E» = Mrate = Constant so M = Mo- mate: 
H f يئ‎ = = 
ence from momentum -arfx M = a (Mo - Mrate"!) = ue (Pe Ve Ag) = Ve Mrate 
Vom 
t 
Separating variables dU = O i 
Mo = Matet 
U 
M Marat -— 
0 t 
Integrating U = Ven س‎ = Vin w o Mo [ «| 
Mo > شد‎ Mg m 
rate 
U 
Ve 
The mass of fuel consumed is mp = Myate't = My -e 
265 
Hence mp = 900-kg x (1-e iie mp = 82.7kg 
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Problem 4.160 [3] 


4.160 A rocket motor is used to accelerate a kinetic energy 
weapon to a speed of 3500 mph in horizontal flight. The exit CS at speed U 


stream leaves the nozzle axially and at atmospheric pressure with X 
a speed of 6000 mph relative to the rocket. The rocket motor 
ignites upon release of the weapon from an aircraft flying horizon- 
tally at Uo = 600 mph. Neglecting air resistance, obtain an alge- 
braic expression for the speed reached by the weapon in level 
flight. Determine the minimum fraction of the initial mass of the 
weapon that must be fuel to accomplish the desired acceleration. 


Given: Data on rocket weapon 
Find: Expression for speed of weapon; minimum fraction of mass that must be fuel 


Solution: 


0 = - 
Basic equation: Momentum flux in x direction Es. +F, ول‎ 27 Af, p dY = àr T Us. PAY + I. ملا‎ pV... © dA 


Assumptions: 1) No resistance 2) Pe = Patm 3) Uniform flow 4) Use relative velocities 5) Constant mass flow rate 


dM 


From continuity E -m 
t 


rate = constant SO M = Mo 7 Mratet (Note: Software cannot render a dot!) 


dU 
Hence from momentum —a,ggM = ^a (Mo - Mrate"!) = ue (Pe VeAg) = Vo Mrate 


Vam 
Separating variables dU = Nu a 


Mg = met 


Integrating from U = Ug att = Oto U=Uatt=t 


Mrate't 
U - Up = -Ve(In(Mo - د8‎ - In(Mp)) = -V,'In| 1- Mo 
m, t 

1 
1١ 1 ٢٢ == 
Mo 

B (U-Ug) (3500-600) 

Mrat t V ^ — &wnn ٢ 

Rearranging MassFractionConsumed = E 1-e ° pea 6099 = 0.383 


Hence 38.3% of the mass must be fuel to accomplish the task. In reality, a much higher percentage would be needed due to drag effects 
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eee er Problem 4.161 [3] Part 112 


Qe Roe Sed مه وه‎ Mio Aca use SANE. 
y 


TARA Mass Ags Raso 
Unos EE موم‎ 


XA = wSeonls +, oe a :ْ مهو‎ 
کون بل دوه یا‎ i دیا دد‎ i. n 
Vd سکوی"‎ ard < SEA. of AeA که‎ 


kaos. 
RÁ: هغه‎ ET and شه‎ cox o6 as Kunio oC Ne. 
NON MEN 
Meo) CM oe of خی هوې‎ . NES RAS 
CM ZW e Nc Lind Wd = A 
| ES > 
Tosi x koc O= n ^ EN 3 oss 0 SS 


3 
2 
* 


ee oe SE Nea =O, Mo E e 17 | 
| y M oed. Noe oca. 
@ Oe whe Sa SS da. ex. 
SN IARR OTER, Qoa OAL Mo Ya NO 


GS ~ = Raw Lapeer) 
Eron سیه‎ 2 
O CO y m m « (s Ns ÓN or ONE - Wal 


N ! a‏ یکی 
ES Ce AA = WAS = € A e. NS‏ 
a o‏ 


ss Ns کا‎ ELLIE, eg pode 
1 a ; y 
a saat 


us & Xan 


T -G‏ مور OR‏ نن تپ 
WX xO < "‏ | 
i‏ 2 - تا GU 1. SSI‏ 
پمک AK‏ داو مه و = > WC‏ 
Frew as e — x‏ 
No~ wx‏ 
AR EE Son Wea m mo e US boues TA‏ 
e YA | KON = -ï ed Sen E‏ = 
a No‏ 
ها SES ee eee ee‏ اه v Ces ARAN LL‏ یلا NS‏ 
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Problem 4.161 [8] Part 2/2 


٢ وت اح؟‎ 
Los V می د‎ V. 
deis IUS Me Aro A OS A ns SQ. 
SE 
N^ AU 
te E ددد‎ = 
e Led BARK aS O مو کیک‎ of No ES ae 
۹ SN E EEN 
We Aa ru t Lor TUS VAAS | 
"D سه‎ Dunas = NONO pe Ta CEE | 
Ta Aed ocurerohacn عا‎ a M | 
E OS ږ‎ SAM cu E S. 
3 که‎ ¡COS Co o eX E Nx aS | 
de 3 O Le Nx VAVAS 


Acceleration and Speed vs. Time for Rocket Sled: 


input Data: 
| Mi= 3000 kg 
m(dot ) = 75 kg/s 
Va= 2500 mis 


Calculated Results: 
Acceleration, Speed, U 


Time, t(s) surat (mis?) (m/s) 
0 62.5 0 De Stee eR, ad. 
1 64,1 63.3 Wo 
2 65.8 128 i É 
3 67.6 195 > 
4 69.4 263 5 
5 714 334 3 
6 73.5 406 | 
7 75.8 481 | S i 
8 78.1 558 
9 80.6 837 x 
10 83.3 719 3 
11 86.2 804 > . 
12 89.3 892 8 Acceleration 
13 92.6 983 < 
13.33 93.8 1014 0 5 10 15 
Time, 1 (s) ِ 
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Problem 4.162 Biss 


I 
Anta: Focket+-prepeiled motvereyele, 69 Juump Shine ma start, leve i, 
Speed nteced uy ع‎ kaihe Rocket dahauit goeed یا‎ * 2Siam]s 
Total mas Mg" 35r ka (o rtheat fuel) 
Fiad | Mision furl mass nteded do reach vy. 


Solution : Apply x-aampontat of momentuan degat hon fo atar ky 
arce krahng CV Sheen, 


From Lon tina rh, Y 
Mey * Mort 


Basic LIONE T 71 oía) 
4 ! = — 
¿gua ion : As * Fg. - e^ fa A دم ويي‎ +f ویم‎ eg T 


Assumprhensi() Neglect air and rolling resistance 
(2) Level track, So Fa, "0 j 
(3, Megléct Lindftaaus effects Lith un cv 
(9 LUnitarm fei at nogale exit. plant 


(5) d. * hatm 
Then : E F du F m 
“Arty Mev = ug ftm] = بر‎ ar E ee لست‎ 
ua = e Wie 
Separata a variables dad ¡ntegrahra, 
our = - (Smelt. ds ih “le buf, mt), = ئي‎ eve (EE) 


But Me*MatMp gad Mp = mE, so 

H سد ۔‎ (Me tMr) Lu | ۳ HE ( و‎ de Fra eU ر‎ Ar € 
Finally, Me = Mae We - j) 

Me hg Phy hr reati -] 


Me * 31.١ kg 


The fuel mas required دا‎ abot D ptreeat of fre maltof dne په‎ ٥٨ 
and rider. 
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[3] Part 1/2 


Problem 4.163 
Given : Home made rocket launched vert ica fla From nest. وؤ‎ 


v 


Mo = £o ibm, of to hich 15 lem vs Caci 


CV 
m = 5.5 کل طا‎ 7 y 
Ve = 6500 e fs lrerfatiVe fo recke Ej 
Pe = Pat 


Neglect aerodynamic drag. 


Find: (a) speed at $- 205. Pht: Speed Gre 


(b) Height at t= 205, height as 
Furic har of ۰ X 


Solution: Apply ¥-Component oF monent " 
equafian to accelerating QV Using CS shown. mn 


Basie epa Ron : 
=al) څه‎ 7 ( 


7 & 
FE + FL — I — 
P By "A مه‎ gov E Lo eov 2 Lov" P Ves, ‘aA 


Asstamp hors e) Neglect air resistance; Be = hatn (gerea) 
(2) Neglect Wu. and Pat Lita CV 
G) Uni frre ریم وم‎ AF 103310. exit Section 


Then 
Fay T Arty M = ~Mg-Marty, = Ue f+ mp = ~e 
and Bue 
WT E 
ېښ‎ - oF = ave - 


۶ 7-۳٥٣ می لق‎ 109 Mame mé dad SEDA rating VALA bles, 


A zt Ve "m 
Yy = 
i pe wn q) at 


Tateg rating from rest gt و اښ‎ 
€ : 
zs Ve m ۰ A $c 
V | سي‎ ~g)dt = ~V LluwlMo-ht)] gt 


or . 
۸... 
ve aia وو‎ E) 


At t= 20 522; 


y = 4500 fE gr eee jose 205 
E 2٥ (bmi - ۵.5 brn, los se 
wx 


Veo s) = 3,860 &/s 


To tind height, pote V = GE | Sistas tite be into Eq. 1 to obtain 
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Problem 4.163 [8] Part 2/2 | 


dY M mt 
Sis V Mat = -V brf -3t 
um M c 4 e ( ma. TF 
Let Zo de Gad de mo DL de, then 
د1‎ Ma 


dY = Vota dt -Gt 06 = +l ponds -gt dt 


A 


Integrating forn Y =0 at t =O, 


t t | 

E Ae 
Y 4 a temo sdgt* = UML a bon A ¿gt | 
a i 


ori 


تن واد 1د )2 


Y = En {a- Ra [ew (i= B) - TEZI. و‎ 


At t*Zos, 


: 


+ i f 
-mt 2 p.45 Bo, 2۵5 qq x 
pow md E “to b & | 
Se 6500 ft t0 lem c | / i |o 32,26 (?o)ys^ i 
a eir E [eoo] +1 Te Mog | 
Y= 33,500 ft | ri 
1 
| 
Speed vs. Time for Vertical Rocket P Height vs. Time for Vertical Rocket | 
5000 i| 40009 | 
E | i 
30000 + 
> بسن‎ 
E 
E g 20000 | | 
E POR! i 
: E: 
o | 
: 10000 + 
1 1 | 0 i 
0 5 10 15 20 || 0 5 10 15 20 | 
Time, f (s) | Time, t (s) ! 
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a REJAS 
د‎ SQUARE 


Problem 4.164‏ کے 
| | 7 | 
Graar, Va pudo Aaa code. eras Seon pou. OX ten Ww‏ 
3 = 
3 کا Va‏ مکحم a w=‏ دصت .کے سل نا 


N= Emo یاه‎ Por We Eo Lino) * 
SAA ore ducer کے‎ Bde ¡ 


| 
x 
d. oru, oe اا هه‎ un 


^o gt Bee Ne. e (€! koe: epis 
دوس‎ foem e B e f A 


Fa iN NE 


: Res PA مي‎ Qresture . Ratan Oxted cardia , 
i es که‎ be” 


a eX reren ows 

E “AEA په‎ ess vie e d y "s i 

E a. CATA -Ma = مه‎ ۳ = Ue Qe -w 
dea Ler پمک‎ 1 | 

| ws په په لک‎ KOH RRAN) -a - 

A= ALS Ten onar as کت‎ ewes FIN MISES -C 


Bran RV هدم‎ E A AA = - C ملسا‎ 
Marita WEA = war AL ٢1 ond 


[3] 


a | n | 


ex e چا ے‎ e 
A E "x p v ديت‎ ÈS 


"3s C den = ٧ D e ې‎ A Reis هپ‎ V 
پل - نت‎ ka | ABRE ie. ¡E ا‎ IS 
"T دا‎ 7 ca نه لک‎ OE. 5 
AE Nao ې‎ he IAS 
Š پا د‎ E, ROMA - a 
" Sud حسما‎ te dl reda deal ant 


Que شه‎ mis 
http 7/fibrosysolucionarios: os 
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Problem 4.165 


4.165 Neglecting air resistance, what speed would a vertically 

directed rocket attain in 8 s if it starts from rest, has initial mass of CS at speed ۷ 
300 kg, burns 8 kg/s, and ejects gas pressure witha ت تت تت‎ 7777-7 
speed of 3000 m/s relative to the rocket? Plot the rocket speed as 
a function of time. 


Given: Data on rocket 
Find: Speed after 8 s; Plot of speed versus time 
Solution: 
. : : oo 0 =- 2 
Basic equation: Momentum flux in y directio — Í 1 = = 7) Í 7 7 ٠ 
T + Fp, cy Thy? 3r Jey OP dV + ےم »مې‎ ` dA 


Assumptions: 1) No resistance 2) Pe = Patm 3) Uniform flow 4) Use relative velocities 5) Constant mass flow rate 


From continuity = = Mate = Constant so M = Mg - maet (Note: Software cannot render a dot!) 
t 
Hence from momentum —M-g — agyM = Ue (Pe Ve Ag) = Ve Mate 
: dV 6 : Ve Mrate " (1) 
rf Se" => د‎ — - ——— — 
Hence Y dt M Mo = Myate*t 
Vam 
Separating variables dV = کن‎ e g dt 
Mo - Mrate't 
Integrating from V = att = Oto V = V at t =t 
V = -V, (In(Mo - mt) - In(Mp)) = gt = -Vln oo ose 
e ( ( 0 rate ) ( 0)) e Mo 
m, t 
t 
VS du 1-2-1 (2) 
Mo 
k 
Att=8s V = -3000-—-In| 1- 8-5 x x &s|- 9.81- x 8s Vv =641— 
5 s  300-kg 2 5 


5 


The speed and acceleration as functions of time are plotted below. These are obtained 
from Eqs 2 and 1, respectively, and can be plotted in Excel 
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Time (s) 


Time (s) 
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400r 


200r 


V (m/s) 


a (m/s2) 


[3]— 


Problem 4.166 


` Open-Ended Problem Statement: Inflate a toy balloon with air and release it, Watch as the 


balloon darts about the room. Explain what causes the phenomena you sec. 


Discussion: Air blown into a balloon to inflate it must be compressed to overcome the skin's 
resistance to stretching. (Remember how hard it is to create enough pressure to "start" the 
inflation process!) After decreasing briefly, the required pressure seems ما‎ increase as inflation 
of the balloon continues. 

As the balloon is inflated, the skin stretches and stores energy. When the inflated balloon is 

released, the stored energy in the skin forces the compressed air out the open mouth of the balloon. 


The expansion of the air to the lower surrounding atmospheric pressure creates a high- 
speed jet of air, which propels the relatively light balloon initially at a high speed. 


The moving balloon is unstable because it has a poor aerodynamic shape. Therefore it darts about 
in a random pattem, The balloon keeps moving as long as it contains pressurized air lo act as à — 
propulsion jet. However, it is not long before the energy stored in the skin is exhausted and the air 
in the balloon is reduced to atmospheric pressure. 

When the balloon reaches atmospheric pressure it is slowed by aerodynamic drag. Finally the 
empty, wrinkled balloon simply falls to the floor. 


Some toys that use a balloon for propulsion are available. Most have stabilizing surfaces. It is 


instructive to study these toys carefully to understand how each works, and why each toy is shaped 
the way it is. 
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Problem 4.167 [4] 


4.167 The vane/cart assembly of mass M = 30 kg, shown in 

Problem 4.123, is driven by a water jet. The water leaves the y 

stationary nozzle of area A = 0.02 m?, with a speed of 20 m/s. وا‎ _of 
The coefficient of kinetic friction between the assembly and the 


I 
surface is 0.10. Plot the terminal speed of the assembly as a func- 1 CS (moves 
tion of vane turning angle, 0, for O = 0 = z/2. At what angle does | atspeed U) 
the assembly begin to move if the coefficient of static friction is l 
0.15? ; 
I 
I 
I 
Given: Water jet striking moving vane 
Find: Plot of terminal speed versus turning angle; angle to overcome static friction 
Solution: 


Basic equations: Momentum flux in x and y directions 


0 
Fs, + FB, = js a, PAY = T Uxy, p dV. + 8 ولا‎ PV ry, : dA 
0 


Es, گ لاو رن‎ dt = E fy و٢‎ Phys “A 


Assumptions: 1) Incompressible flow 2) Atmospheric pressure in jet 3) Uniform flow 4) Jet relative velocity is constant 


Then -Ff - Maps = up (70 V1A1) + uz(p-V2:A)) = -)۷ - U)-[p-(V - U)-A] + (V - U)-cos(0)-[p-(V — U)-A] 


p(V - هن‎ - cos(0)) — Fr 
۽‎ =| ————— (1) 


M 
Also Ry-M:g = vp(- VpA1) + vx PVA = 0 + (V - U):sin(0)-[p-(V — UA] 
Ry = M-g+p(V — U)-A-sin(@) 


At terminal speed ayfx 0 and Fr = Ry. Hence in Eq 1 


U) Asin ( e(V = U) a(i — cos(0) — u'sin(O))‏ = ۷م + uj Aa — cos(0)) — he Meg‏ - ۷م 
M 1 M‏ 


0 = - HLB 


ty Meg tj Mg 


or ا‎ ————— U,= V- | == 
p-A-(1 — cos(0) — up'sin(0)) p-A-(1 — cos(0) — Hy: sin(9)) 


The terminal speed as a function of angle is plotted below; it can be generated in Excel 


http://librosysolucionarios.net 


207 
s 
2 
& 15r 
y 
w 
a, 
o 10r 
a 
5 
E 5r 
m 
w 
E 

! ! H ! ! H ! t | 
0 10 20 30 40 50 60 70 80 90 
Angle (deg) 
For the static case Fr = Hy Ry and afy = 0 (the cart is about to move, but hasn't) 


Substituting in Eq 1, with U = 0 
د‎ Ad — cos(@) — uc (p-V2A-sin(0) ې‎ M- al 
0 = 
M 


us; M'g 


or cos(0) + u,'sin(0) = 1— 
We need to solve this for 0! This can be done by hand or by using Excel's Goal Seek or Solver 0 = 19deg 


Note that we need 0 = 19°, but once started we can throttle back to about 0 = 12.5? and still keep moving! 
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Problem 4.168 41 


Given: Vehicle acceltrated frm rest by a huele ١ cata pulir. 
۸/4 laet resistance, 


Cv 1 
| 
esae, رس په‎ 


Find; (a) Expression fer aceération qt any رم‎ 
(b) Tome required to reach U = V2, 


Solution: frio e x component pf mome itum equation using linearly 


wag CV Shown bove. 
— EY 


Basic equatión: f. r ^b» -L y Or. pde = T +f ung UE 


Assumptions: (1) Fay د‎ 


G) Fax = 


&) ia maxi af guid and rete of change of ut in Cv 
0D Un farm fons at Each sectian 


(5) Jet area. año speed with respect to vehlc/e Are co stent 


Then 
Má, aM a ری‎ ٢۱٢٣-۸۱ + uef Ietv-miai] 
a, = V- ley -—v-U) | 
ar 
arf, = W , iP(v-u)'a . SU a, . d(V-U) غه‎ 
" at M dt 1 سرد‎ 


E72 
To abtan Arde), we must First And DE), Tategrating from Uag at ten 


to DU at t, 

L g- a spied E, dp, A 

yay Oho) Uly هس‎ v Hen?" migo” “art 
Salvrag, 

va 2 È 
حا‎ (va Ee , ie ena vr » vf BEE 
m A 

Subs ۶۳ ting, 


2 A 


ra 
2 
۳ شب‎ [pa | este) 
رچ‎ 
The Eme b reach Us V 13 
gua 
U M gd pe 
pva 2 


Cheek : [4 A]. meta ^o HE: ; [eve]. کا په‎ LIE 
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Problem 9 [4] 


Given: Mang ta^ Slowed by fowering seoop mite water trough, 
- Initial mass and speed are My and Us, respective hy. 
سک‎ Aleg/ect external forces dee do pressure or وروی‎ 
Track ^ horizontal. 


E Find: (&) Apply continuity aad momentum to show دلا‎ U, Me jM. 
"t d) dbtara a general fxoressian tar Ue). 


+ Solution: ApAly Goatinuity and momentum egua. trans fo linearly 
وہ ههه هع د‎ CV Sena, 


Base equations: i= Ca pot +f Ps dA 
salt) sw) 
Ff he -f مه‎ pav د‎ foun tf ays Ag ټك‎ 


Assumptions: (i) FR. =O 

@) Fay =o 

in وب سن‎ LL wth CY 

(4) Uarferm Flow derass olg section 
From Gontine ity 


E Mev + f- [pua!? er ae = pua 


fnm memea finn | 


Ari M - 2 = u f-jpual} = UUA, Sean ن‎ 
But fem dontiaurty, PUA = =. وک‎ 
maz + y La =ð OF UM = tenstant "LEMA ; LU M. vi | i 


Subs Ti udue Ms په‎ JU int momentum, -k - PUA, or 
ag . fA 
p dnas “* " : 
وه سوه‎ A A (n 
[-] 
| Swag fer U, 


tia 


y a 
| + Efe 


Problem 0 41 


Given: Tank driven by yet along horizontal track, Meg lect resistance, 
Ärer bon is from rest. Lahad mass یږ‎ Ma. Track harigoate!, 


Find : (a) Apply Continuity and memê mum To shows M = Mo VIP Vet) 
(b) General expression Tr V/V as a feenetian af time. 


Solution: ARO /y continmárty ane a Component ef momentum ta ua? ! 
to hneariy Accelerating CV Shows. 


Basre équatons ' onm EL pe " F Vus "ela 
=A) Xt) زو وم‎ 
^. 4 po - arty pow = 5e [ pure + [tus ری‎ d 
Assismphons: (i) Fiy "0 
@) Fay, =0 
(3) Alegfect غا‎ certian CV 


fe) مسل‎ Flow in et 
Fram Cont jn ca dy 


0 = $e Me,  Í- Jptv-tr)al) or PM s ptv-v)a 
Fam mane AEE 

art, M کسه‎ M = u fea |} =(v-u)[-plv-0)a ]; یاډ دم‎ 
But frm aatnurty, p(V-Lr)a e T and dU = d  V-D), so 

-Zm = EY na * -(v-u ig sr MU) <coastant = MoV 
Thus M= MeV ve U) M 


Sabo tuthag inte momentum, = Em = E ee E = -pivu Aor 


afin 
at ge Jm 
(wr) ۷ > 


VO dOr) 
سو‎ [riot] toe = 


Jal da 


۷ [ m m lucionarios.net wv 


77 ا 


USTEEI 


} ou 
UE Iib 


i} dit ap 157 


on 


Problem 4.171 [5] 


4.171 A model solid propellant rocket has a mass of 69.6 g, of 

which 12.5 g is fuel. The rocket produces 5.75 N of thrust for a CS at speed V 
duration of 1.7 s. For these conditions, calculate the maximum eee 
speed and height attainable in the absence of air resistance. Plot 
the rocket speed and the distance traveled as functions of time. 


Given: Data on rocket 
Find: Maximum speed and height; Plot of speed and distance versus time 
Solution: 
rer ee 0 > - 
Basic equation: Momentum flux in y directiong, + Fp — Í d+ a3 v..pd¥ + Í v.. oV.. -dA 
Sy By CV ify p at Jey Y p cs Y PY xyz 


Assumptions: 1) No resistance 2) Pe = Patm 3) Uniform flow 4) Use relative velocities 5) Constant mass flow rate 


dM 


E = Mrate = Constant so M = Mog 7 Mrate't (Note: Software cannot render a dot!) 
1 


From continuity 


Hence from momentum —M-g — agy M = Ue (Pe Ve Ag) = -V¿m 


rate 
dV  VeMrate Ve Mrate 
Hence و وېي ودن‎ s 
dt M Mg - اع‎ 
Vom 
Separating variables dv = ee -g |-dt 
Mg - Mrate't 


Integrating from V = att = Oto V = V at t =t 


Mrate't 
V = -Ver(In(Mo - Matet) - In(Mo)) - &t = -Veln]| 1 - Mo | : 
m, t 
V-2-Veln|1- Ee E gt for tSt (burn time) (1) 
Mo 
mf 12.5-gm -3k 
To evaluate at tj = 1.7 s, we need Ve and Mrate mi = FR Mrate = == Mrate = 7.35 x 10 = 
b SS 5 
Also note that the thrust F, is due to F; 5.75-N kg-m m 
fux f h k Fi = Mate Ve  Ve= Ve = —— — —x——  N.-782— 
momentum flux from the rocket Mrate 735x10 3kg Ly 5 
5 
Mate’ Îb 
Hence Vinax = -V. In 1- — — و‎ ٢ 
Mo 
No ati ea Ea e Vinay = 138% 
HEE 5 l s  0.0696:kg ` 2 pem 5 
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To obtain Y(t) we set V = dY/dt in Eq 1, and integrate to find 


Ve Mg Drate't Drate't 1 2 
Y- تا‎ dn es eet اوه‎ t<ty th =175 (2 
Mo Mo 2 


Mrate 
0.00735-1.7 .00735-1.7 
Yp = 782-2. x 0.0696-kg x — h: ې‎ es E » eM = 1) + ] . 
5 735x10- kg 0.0696 .0696 


1 m 2 
4—— x 9.81.— x (1.7-s) 
2 go 


Att = ty 


Yp = 113m 
After burnout the rocket is in free assent. Ignoring drag VIO = Vmax 7 s(t - tb) (3) 


Y(t) = Yo + Vmax (i= ) - E(t) t> ty (4) 


The speed and position as functions of time are plotted below. These are obtained from Eqs 1 through 4, and can be plotted in Excel 


PEN 
E 
& 
> 
Time (s) 
15007 
10007 
= 
& 
> 
500r 
0 5 10 15 20 
Time (s) 


Using Solver, or by differentiating y(t) and setting to zero, or by setting V(t) = 0, we find for the maximunt = 5 Ymax = 1085m 
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Problem 2 4 


Given: Small rocket Yet pack" used fo ft astronaut abore E 
Exhaust jet apttd در‎ Onnifennt ber mass flows Fate Wars. 


Find: (a) Algebraic expression fur mass Flow fate ntéded to hover, 
(b) Maximan hover time. 


Basic equa hon: + Fay 7 ed 


Assumphoas : (1) Hover; Fay =0 
(2) یځ اك‎ =0 
(3) Neg lect "be in CV 
زې‎ Unefrem Fiala exhaust 


From conservation of mass, و‎ ede + NT = ont m 
fo aM _ _ =A H _ | 

> و زو پو‎ n س دې‎ 
Lrdeg rating from My ar t =0 to M “Mg at €, 
Mp 
[1778 det a dmt] u = al Be) =~ YE 


Mo 
Soluing fort, 
— Ve -M Y ~ PO, 3 
E^ : A s "98n šali- ادو‎ 
t= Nos (heuer tmc) 
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| Solution! Apply co hnc, and mome ۸ Using CV d C& وسوا‎ 


E 


d 


mm | dd 


Problem 3 [5] Part 1/3 | 

Open-Ended Problem Statement: Several toy manufacturers sell water “rockets” that consist of | 
plastic tanks to be partially filled with water and then pressurized with air. Upon release, the 
compressed air forces water out the nozzle rapidly, propelling the rocket. You are asked to 
help specify optimum conditions for this water-jet propulsion system. To simplify the analysis, 
consider horizontal motion only. Perform the analysis and design needed to define the 
acceleration performance of the compressed air/water-propelled rocket. Identify the fraction 
of tank volume that initially should be filled with compressed air to achieve optimum 
performance (i.e., maximum speed from the water charge). Describe the effect of varying the 
initial air pressure in the tank. 


Discussion: The process may be modeled as a polytropic expansion of the trapped air which forces 
| water out the jet nozzle, causing the “rocket” to accelerate. The polytropic exponent may be 
varied to model anything from an isothermal expansion process (n = 1) to an adiabatic 
expansion process (n = k), which is more likely to be an accurate model for the sudden 
expansion of the air. 


Speed of the water jet leaving the “rocket” is proportional to the square root of the pressure 
difference between the tank and atmosphere. 


Qualitatively it is apparent that the smaller the initial volume fraction of trapped air, the larger will 
be the expansion ratio of the air, and the more rapid will be the pressure reduction as the air 

. expands. This will cause the water jet speed to drop rapidly. The combination of low water jet 

| speed and relatively large mass of water will produce sluggish acceleration. 


E 
ES 
8 
2 
4 


Increasing the initial volume fraction of air will reduce the expansion ratio, so higher pressure will 
be maintained longer in the tank and the water jet will maintain higher speed longer. This combined 
with the relatively small mass of water in the tank will produce rapid acceleration. 


If the initial volume fraction of air is too large, all water will be expended before the air pressure is i 
. reduced significantly. In this situation, some of the stored energy of the air will be dissipated in a 
| relatively ineffective air jet. Consequently, for any initial pressure in the tank, there is an optimum 
initial air fraction. 
This problem cannot be solved in closed form because of the varying air pressure, mass flow rate, 
and mass of water in the tank;. it can only be solved numerically. One possible integration scheme 
is to increment time and solve for all properties of the system at each instant. The drawback to this 
| scheme is that the water is unlikely to be exhausted at an even increment of time. A second scheme 
| isto increment the volume of water remaining and solve for properties using the average flow rate 
during the interval. This scheme is outlined below. 


Mode) the air later jet -propelled "CAE " m the CV acil Gore ades Shows, 


First Choos. dimaasions Cry da 


and mass of rocket” to Y, V. UN Water |Air 
be sumntelated | ۷ ae (El 
y —— 

input Data: 

Jet diameter: D= 0.003 om 

Tank diameter: Dj 0.035 m 

Tank length: L= 0.1 m. 

Tank mass: M,= 0.01 kg 


Polytropic exponent: n= 14 das 


| kext thease Ahl corclifióds for the Simiedatioa (Set Sani le ee tee hon) bt fers}! 
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[b] Part 2/3, 


Problem *4.173 


Initial Conditions: 


Air fraction in tank: as 0.5 a 
Tank pressure: Do 200 kPa (gage) 
Volume increment: Aa = 0.02 = 


Compute EFE nee parana Tees! 


Calculated Parameters: 


Jet area: A,= 707E-06 m 
Tank volume: Y,= 9,62E-05 m? 
Initial air volume: Moz 85 m? 
initial water mass: M= 0.0481 kg 


(Thé &€ are used ja the sprtads heer below.) 


Then desrcase the Ludo frachoa 17 the tank bey AA : 


Calculated Results: 


Water Gage Water ٢ Spesi Flow Rate, Time current "Rocket" "Rocket" 
Fraction, Pressure, Mass, Mw y (m ls) dmidt interval, At Time, t (s) Áccel., a Speed, U 
ل(س) بل لا‎ p (kPa) (kg ^! (kg/s) (s) (m/s?) (m/s) 

0.50 200 0.0481 20.0 0.141 0 0 487 0 
0,48 184 0.0461 19.2 0.135 0.0139 0.0139 47.5 0.668 


The tom putation i made ax Faltaus ! 
(1) Deortase ~ buo, LA 
@) Compute p farm هول‎ Poy? 
6 
جه رغ‎ l200+ 101.315) kPa (£29 — 101.305 = 183.9 kA Gage) 


(3) Use Bernoulli fo calculate jet speed 


IN ET: 3 m3 £ 
Y له‎ a. db E E E 


m 449 lege "Ane 


G) Ceclecelare todo TASS La 5109 A. 
(5) Use conservator of mass To Compras mass flaw rete 


rs اد‎ Aj] = G94 fa x /4 ٥ 22 x 1.97xie7*5n* 0,129 leg fs 


(6) Use fne aate mass Flous rate يل‎ + he PL To approx rr ect A: 


fe iT = (b دو 9.01049 = 2 — لس‎ 


At = 


O) Use momentiem To Conypeck. Acceleration (nate ۸۸٨ Mur the): 


: We 
Ary ھ‎ DL al E 4.2 om sikira” 


/ 
kg‏ 0,069 د روو کچ E‏ ^ 


(9) Fut thc, : th Sa AVES RAGE ACC eI des to ger Spted 
U= Up ta dt = 6 + "PI. 0.0345 a 7,469 m/s* 


* Mate. effect af romndaft£ error. 
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* 
m 
3 
3 
= 
k 


Problem *4.173 5] Part 3/3 


Reprat these ۱۵م اه‎ unt! water nm depleted o^ air prestee fats To 
| aero, AS Shawa be lew: 
| 
i 
| Water Gage Water Flow Rate, Time "Rocket" "Rocket" 
Fraction, Pressure, Mass, My P s dmidt Interval, At Ti in Accel., a Speed, U 
VV.) p (kPa) (kg PS) gls) cay MEN" (mis) 
0.50 200 0.0481 26.0 0.141 0 0 48.7 0 
0,48 184 0.0461 19.2 0.135 0.0139 0.0139 47,5 0.668 
0.46 169 0.0442 18.4 0.130 0.0145 0.0284 45.2 4,34 
| 0.44 156 0.0423 17.7 0.125 0.0151 0.0435 43.1 2.01 
۱ 0.42 143 0.0404 16.9 0.120 0.0157 0.0592 41.2 2.67 
0.40 132 0.0384 16.3 0.115 0.0164 0.0756 39.4 3.33 
0.38 122 0.0365 15.6 0.110 0.0171 0.0927 37.8 3.99 
0.36 112 0.0346 15.0 0.106 0.0178 0.110 36.2 4.65 
| 0.34 103 0.0327 14.4 0.101 0.0186 0.129 34.8 5.31 | 
0.32 94.6 0.0308 13.8 0.0972 0.0194 0.148 33.5 5.97 ‘ 
2 0.30 86.8 0.0288 13.2 0.0931 0.0202 0.169 32.2 6.63 | 
& 0.28 79.5 0.0269 12.6 0.0891 0.0211 0.190 31.0 7.30 f 
E 0.26 72.7 0.0250 12.1 - 0.0852 0.0221 0.212 29.9 7.97 
E 0.24 66.3 0.0231 11.5 0.0814 0.0231 0.235 28.9 8.65 
“la 0.22 60.4 0.0211 11.0 0.0776 0.0242 0.259 27.9 9,34 
0.20 54.7 0.0192 10.5 0.0739 0.0254 0.284 26.9 10.0 
0.18 49.4 0.0173 9.95 0.0702 0.0267 0,311 26.0 10.7 
0.16 44.4 0.0154 9,43 0.0666 0.0281 0.339 25.2 11.5 
0.14 39.7 0.0135 8.92 0.0630 0.0297 0.369 24.3 1 2.2) : 
| 0.12 35.2 0.0115 8.40 0.0593 0.0314 0.400 23.5 12.8 
0.10 31.0 0.00961 7.88 0.0556 0.0334 0.434 22.7 13.7 
0.08 27.0 0.00769 7.35 0.0519 0.0357 0.469 22.0 14.5 
0.06 23.2 0.00577 6.81 0.0481 0,0334 0.508 21.2 15.3 
| 0.04 19.6 0.00384 6.26 0.0442 0.0416 0.550 20.4 16.2 
0.02 16.1 0.00192 5.68 0.0401 0.0456 0.595 49.5 17.1 
0.00 12.9 0.0000 5.07 0.0358 0.0506 0.646 18.6 18.1 


Ta thes Spei b flou | ht wate is depleted hêj C p ER Vias -/$.; m/s 


Vary 4 the miiba 1 dir Fraction produces the follo: 


25 
20 


15 


10 f 


5 po = 200 kPa (gage) 


Maximum speed, Vinay (m/s) 


0.4 0.5 0.6 0.7 087 
Initial air fraction, a (---) 


| Fr tars comtiaadien of pecamtres, a. peak speed of about Zo. 9 ls "m 
AB. Hcuntd with AA Aal air fret êa about- Dolo. 
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Problem 4 [5] Part 1/2 


Given: Vertical jet 99 ort lis he. ev " | 
Disk دا‎ unde AST rin e gi vertica tly, چا‎ " 
ا‎ 

Find: (a) Differen hal equahen tor htt), ٤ 
disk released Trim MH > hy مس‎ 
ho ىک‎ Vti وو امو‎ height. 

(5) Sketch Alt) and explain. 


thea y momentam euentum 0 CV tur), linear acceleration. 


Basic equations: * 
72 ۷ * " 22 Y tab, 


of) | 
y+ ra -Lamed = $i | apy پټ رې‎ Vag da 


Assumptions : (1) Sttetehy flew 
(2) Inno rrt xt ble d oc 
ES) Alo Frichori 
En Flow Along d Stean tae 
(5) Pr = E 9 Dates 


(6) No pressure ree on CU, مک‎ Fay د«‎ 
Oo Neglect mass of ligura in CV ane V7 9 0 مړ‎ CV 
CF) Unir Fw at each set tion 
(9) Measure veloces relative Tb cv 
From momen Pan 
So) 


TOA + E? ay nop) = 17 اوت - ما‎ PAL 


v, -V-U DII 


F in get 


hith Amy = LA re GB, then 


-Ma -Md'h =o- dh," 
ma M و‎ piv ae? A, 
But fom Bernowik, Y", ME دد وو‎ Y =| Yt- وم ,8 همک راوه‎ 
x 


Also —— Vid, -Mdo, 50 A, = Ao / ٢ Sith hag 
ln a o (RETIRER) 
چک وه(‎ $ | 
At €guu libria height, hh, , de رو‎ and oh =o: Then 
6 ۷٥ - 254. Ae Wo - tg =O | 
i . _ ai ٢ E 
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=> 
e 


Solution: Apply Beroul equation to jet 


418 45 183 


LM LI 


Problem 4 
This may be solved to obtain 


r] ~e] 


hen released, H ha, and dh foie =0. Gecause The equator tor Vale” | 
د‎ rion near, oscillations Will pocer. The expected behavior 15 Sketehed 


[5] Part 2/2 


| 


Notes: Ü) Expect osei ahan 
(2) Ah, < Ah, ته‎ Ah, dese 34b manta egueatan 
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Problem *4.175 [5] 


4,175 Consider the configuration of the vertical jet impinging on U=5m/s 4.30 kg 
a horizontal disk shown in Problem 4.153. Assume the disk is re- - + س س س کر‎ ¬ @ 
leased from rest at an initial height of 2 m above the jet exit plane. ar oa | ——1 چا‎ 
Solve for the subsequent motion of this disk. Identify the steady- CS moving 
state height of the disk. at speed U 
h=3m 
A = 0.005 m? 


V=15 m/s 


Given: Water jet striking moving disk 
Find: Motion of disk; steady state height 
Solution: 


Basic equations: Bernoulli; Momentum flux in z direction (treated as upwards) for linear accelerating CV 

p V Fy +F -Í i-i 1¥ + | V. iA 
—+— + gz = constant y a, pav == Wyz PC Wyz yz € 
p s $, TB, Joy P at Jey P مې‎ 


Assumptions: 1) Steady flow 2) Incompressible flow 3) Atmospheric pressure 4) Uniform flow 5) velocities wrt CV (All in jet) 
2 2 


Vo YY 2 
The Bernoulli equation becomes —+g-0 = m +gh Vi = Vo -2gh (1) 


2 
2 
m 
15.— 
5 
The momentum equation becomes 


M:g- M-arfy = wr( 0۰۷1A) + w2:(p-V2:A)) = (Vi Ut P (Vi UJ A4] +0 


+ 2 x 9.81-5:(0 -3)m 
S 


In 
V1 = 129— 


2 2 2 
dh dh dh dh 
With ag = En and U = — we get -M:g- MS = (v - 2) “AY 
dt 1 dt 


Using Eq 1, and from continuity V;-A, = ۷۵6 


2 

dh dh P "Ag Vo 

"n f نګ وا‎ KON rdi: e 
M: [Vo - 2:gh 


This must be solved numerically! One approach is to use Euler's method (see the Excel solution) 


dh d 


At equilibrium h=hy — = 0 SO 
dt ac 
i 2 
V 2 
1 2 ) 0 M'g 
1 m i G m m. S 3 1 1 
Hence ho = اسو ارپ‎ x x| 1 -| 30-kg x 9.81.— x ——— x x hg = 10.7m 
2 5 9.81-m T 1000-kg 80 005-m2 
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[3] 


Speed (m/s) 


+3 


0-515 u=- a 
o 


جک 


o] [^ CS moving 
| | at speed U 


1 


P -- 


سه 


h=3m 


- de 


٣-4 س‎ 0.005 m? 


= 15 m/s 


Problem "4.175 (In Excel) 


Consider the configuration of the vertical jet impinging on 


4.175 


a horizontal disk shown in Problem 4.153. Assume the disk is re- 
leased from rest at an initial height of 2 m above the jet exit plane. 
Solve for the subsequent motion of this disk. Identify the steady- 


Position 


= = = «Speed 


Position (m) 
o 
1 


Time t (s) 
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state height of the disk. 


At= 0.05 s 
2 اا‎ =h,+At 
A= 0.005 m 
g= 981 m/s ) -(*) "m 
V- 15 5 ia VJ, 
M= 30 kg 
p = 1000 kg/m x eS ee 


TO EXON) RD 


0.000 24.263 
0.050 18.468 
0.100 14.311 
0.150 11.206 
0.200 8.811 
0.250 6.917 
0.300 5.391 
0.350 4.140 
0.400 3.100 
0.450 2.227 
0.500 1.486 
0.550 0.854 
0.600 0.309 
0.650 -0.161 
0.700 -0.570 
0.750 -0.926 
0.800 -1.236 
0.850 -1.507 
0.900 -1.744 
0.950 -1.951 
1.000 -2.130 
1.050 -2.286 
1.100 -2.420 
1.150 -2.535 
1.200 -2.631 
1.250 -2.711 
1.300 -2.776 
1.350 -2.826 
1.400 -2.864 
1.450 -2.889 
1.500 -2.902 
1.550 -2.904 
1.600 -2.896 
1.650 -2.878 
1.700 -2.850 
1.750 -2.814 
1.800 -2.769 
1.850 -2.716 
1.900 -2.655 
1.950 -2.588 
2.000 -2.514 


E‏ 2 اا 


Problem 4.176 


[5] Part 1/2 


Given: Small solid fuel rocket moter an test Stand, The fuel 


burns unifermiy ata = 12.7 mm/s. Exhaust gases jeave غه‎ 
ambient pressure. 


ME ځا رلب‎ paroma ٢ 4 are 
ju U- ^ ot : T 
al m b 


Treat Combustion prolecta as ideel gas uth خو لع عاو‎ neis, 
Ma = هک2‎ 


Find: (a) Evaluate matt of change of mass asd of (ear moment 
tula racket moter. 


(b) Express Pate of Change of momentum as & percentage of fhrust 


Solution: Apply continuity aad #وومصتیصۍ نه‎ af mona nba equations 
Wag Fixed CV shown, 


Basie eguahons ; 0=2/ par + / eT «4 
202) 


(3) Ali prpertees Constat at each pont, Except at su 
سا‎ combicshón takes Placa 
& Uniform 1۵ غه صب‎ exit Section 
The tontimathy Equation becomes 
= 0B) 
Ü Hr Alhad + 2 [pe Aan + fife Vera!) 
: a 
۵ = 2 [paita] + 2fppalo-a)] + oi = (fg -fe A 25 + me 
m, = (fe “fy ade = (fe -fp مده(‎ 
Fer dj eal! gas, 
Pg = T =. A Mm - ٢٢ IEEkQ , mi: —4 ے‎ 6.02 kg/m? 


Rm Rut, m*" mej ME Ano "AK 
so 
m, = (blo) ۳ (a.i) m* ga. دا 0.145 ے‎ 
* 2, 4 5 2 
Mass flema is duct, so Me ے-‎ , 
E » [Tu ka Is چک‎ 
pa يم‎ 


aham ë uatan : : 
did xi 7 Ritto-//fibrbsysolucionarios.net 


| 
| Assumptroas: Ü) No nel pressure forte; Ay = Ry 
@ fs, =0 


o 


| From the 


i a "i 


Problem 4.176 [5] Part 2/2 


SONS), 1 n 
à 
Fx اد‎ upor *&Í the, f Ach ال‎ pare له‎ + Ue Î ipe Vesel} 
"lupa ره‎ 3 lig = “Mg and ty » - پا‎ 

Kx = -pya H -Yry, = “fy de -W he 
But from continutty , ¢ b A = Me, Sinte no MALS dAcciomalates 1 
región I af the CV. Th 

Ky = ا ورت‎ + 
Ky کر‎ the ferce on dhe Cv. The terest د‎ 

Ky = Thrust = — Ry = nig (Ve ta) 

Ky = B. ME 2750  6.0/27)0$ , "5" د‎ N 

x په‎ ( i + “Gn wey 


The rate of change of near momento srta ChE CY یږ‎ 


٨ : T‏ د 
cd. MA]‏ ې Lev = PA ð = as: j OENE Y‏ 


The füf of rate of change of agar mamên + Thrust کار‎ 
Proy : 

èt -=g de DIEI zd 
x = ے‎ th ul q = à i : = — 44 LF x £0 > 
Kx  mulvera) (vta) — (poesi) 


SP, cy 
وررچع یا -== کو‎ " 


ar 


percent 
E 


Neglecting the unsteady momentum term ګل‎ tht Analysis of | 
fis meket metr meca MUSE An error of Agproxi mad elu | 
/ part in 212,000. The assumpron that Ro fot «0 15 | 
Cer tarn hy pushed ter engineering “ark, | 
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Beds 


Part 1/3 


[5] 


Problem *4.177 


Open-Ended Problem Statement: The capability of the Aircraft Landing Loads and Traction 
Facility at NASA's Langley Research Center is to be upgraded. The facility consists of a rail- 


mounted carriage propelled by a water jet issuing from a pressurized tank. (The setup is 


identical in concept to the hydraulic catapult of” Problem 4.133 The 49,000 kg carriage must 
accelerate to 220 knots in 122 m. (The vane turning angle is 170?.) Identify a range of water 


jet sizes and speeds needed to accomplish this performance. Specify the recommended 
operating pressure for the water jet system and determine the shape and estimated size of 
tankage to contain the pressurized water. 


Discussion: The analysis of Example 4.11 forms the basis for the solution outlined 


below. Use a control volume attached to and moving with the carriage to analyze the motion. 
Neglect aerodynamic and rolling resistance to obtain a best-case solution. Solve the resulting 
differential equation of motion for carriage speed and position as functions of time, and for 


(1) 


(2) 


6) 


(4) 


(5) 


(6) 


speed as a function of position along the rails. 


Computing equations are summarized and results tabulated below. As shown in Example 
4.11, analysis of the carriage motion results in the differential equation 


dU . 6م‎ TUY (I-es) 
dt 


AA 
Integrating with respect to time gives carriage speed versus time 


. bt 
U sV TEE 
where parameter b is 
b = EVA; U-coses) 
^ 


Equation 2 is integrated to obtain carriage position versus time 
idi yfe _ le Cree) | 
ما‎ 
Substitute dU/dt = UdU/dx and integrate Eq. 1 for distance traveled versus carriage speed 
= Y, 1 -C يه میت‎ 1] 
adir OPUS ege UN 
Relate jet speed to water tank pressure using the Bernoulli equation 


V =J Aee 


The required volume of water is computed as follows: 
i. Assume a range of tank pressures. 
2. Compute the jet speed corresponding to each tank pressure from Eq. 6. 


3. Solve for parameter b from Eq. 5 using the known maximum speed and 
specified distance. 


Obtain jet area from Eq. 3. 
Compute the time required to accelerate the carriage from Eq. 2. 


Calculate jet diameter from jet area. 


د يک پک SI‏ 


Compute the required volume of water from the product of mass flow rate and 
acceleration time. 
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Part 2/3 | 


Problem *4.177 [5] 


The optimum operating pressure requires the least costly tankage. (Assume the most efficient 
spherical shape for pressurized tankage and constant tank pressure during acceleration.) Tankage 
calculations are organized as follows: 


1. Obtain tank diameter from tank volume. 

2. Calculate wall thickness from a force balance on the thin wall of the tank. 
| 3. Calculate steel volume from tank surface area and wall thickness. 

4 


Assume steel cost is proportional to steel volume. 


Samy le CA Ici lachen! assente ap * (900 psig 


‘ ې‎ : 
ر ا دد |= زر‎ ËZ x in slug ft seg T SERS توت‎ eee 
ty 


Zag Rr EFE‏ خم 

adu we. 1 ] 7 

i E = 6,35 
; b 2 aos Len 0- 0.343) لاج‎ I| 2062505 
3 bM 
E ے اس د‎ ۵ 35 2351 Slug, A E 29,212 ff 
J Aj ev O-case) z 4 SR. 1, 44 S lad tg ema rej 
A 


D [45 gk: 0.313 Fee, "uy = = 7.69 in. 
f 


E‏ سي وا 


ES OMA CIE NET. 
i- Uy. 7.351 1-0,342 ce 
Q= ya = rcr 0.23 Fr 4€ gal a 220 gai خا‎ 
5 443 


Y> Gt = 220 gal, 1.555 = 4220 ga 


1 
D (ovg)? -) x 220 Gal, Lil. \3 2 10,3 th 


"ngo 
* 
Dt: += FË 2 1 booo lbt , [0.3 f* : 12 m 
GRIP a MEE Ld Br nui "gg om bf Pol 4 6 ia, 
Mou T TD + Feo A, V tg iny انګ‎ = 129 #4 


Discussion: The results show the Stee! volume pla meret s AS Hants press 
Is raised, tot A broad. minimum behueen 3,00 Gol yoro PSG. 
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NET Problem *4.177 [b] Part 3/3. | 


| 
Input Data: M= 49000 kg 3355 slug | 
Us 220 kt 3713 fis | 
x= 122 m 400.3 ft 
g= 170 degrees 
; Calculated Results: 
Jet Jet Water 
Pressure Jet Heus pare b Jet Area (fé) Diameter Flow jd وو‎ Valums 
(psig) ua E) ap 1009 Time(s) aa 
6000 944 0.351 0.324 7.70 2285 1.85 4227 
5500 904 0.380 0.367 8.20 2477 1.84 4546 
5000 862 0.417 0,421 8.79 2715 1.82 4936 
4500 817 0.463 0.494 9.51 3019 1.80 5426 
4000 771 0.525 0.593 10.4 3419 1.77 6061 
3500 721 0.610 0.737 11.6 3973 1.74 6924 
ادد‎ 3000 667 0.736 0.961 13,3 4797 1.70 8174 i 
H | 2500 609 0.844 1.35 15.7 6155 1.65 10172 j 
t 2000 545 1.35 2.17 19.9 8830 1.58 13942 
E 1500 472 2.53 4.67 29.3 16490 1.46 24061 
* 1000 385 22.4 50.6 96.3 145835 1.19 173113 
Jet Water Tank Wali Steel Steel 
Pressure Volume Diameter (ft) Thickness Volume (ft?) Mass (ton) 
(psig) (gal) din.) 
6000 4227 10.3 4.6 127.2 30.9 
5500 4546 10.5 43 1254 30.5 
5000 4936 10.8 4.1 123.7 30.1 
4500 5426 111 3.8 122.4 29.8 
4000 6061 11.6 3.5 121.5 29.6 
3500 6924 12.1 3.2 121.5 29.6 
3000 8174 12.8 2.9 122.9 29.9 
2500 10172 13.7 2.6 127.5 31.0 
2000 13942 15.3 2.3 139.8 34.0 
1500 24061 18.3 2.1 180.9 44.0 
1000 173113 35.4 27 867.9 211.2 
Steel Volume vs. Jet Pressure 
50 
E 40 
> 
g 30 
3 
2 20 
E 
i m 10 


i 0 1000 2000 3000 4000 5009 6000 
Jet pressure, p (psig) 
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Problem 8 [5] Part 1/ 


H 


Open-Ended Problem Statement: A classroom demonstration of linear momentum is planned, 
using a water-jet propulsion system for a cart traveling on a horizontal linear air track. The 
track is 5 m long, and the cart mass is 155 g. The objective of the design is to obtain the best | 
performance for the cart, using 1 L of water contained in an open cylindrical tank made from 
plastic sheet with density of 0.0819 g/cm’. For stability, the maximum height of the water 
tank cannot exceed 0.5 m. The diameter of the smoothly rounded water jet may not exceed 10 
percent of the tank diameter. Determine the best dimensions for the tank and the water jet by 
modeling the system performance. Plot acceleration, velocity, and distance as functions of 
time. Find the optimum dimensions of the water tank and jet opening from the tank. Discuss 
the limitations on your analysis. Discuss how the assumptions affect the predicted 
performance of the cart. Would the actual performance of the cart be better or worse than 
predicted? Why? What factors account for the difference(s)? 


Discussion: This solution is an extension of Problem “4-179 The analyses for tank level, 
acceleration, and velocity are identical; please refer to the solution for Problem *4.179 for 
equations describing each of these variables as functions of time. 


One new feature of this problem is computation of distance traveled. Equation 7 of Problem 
"4.179; could be integrated in closed form to provide an equation for distance traveled as a 
function of time. However, the integral would be messy, and it would provide little insight into 
the dependence on key parameters. Consequently, a numerical analysis has been chosen in this 
problem. The results are presented in the plots and spreadsheet on the next page. 


3 
E 
E 
٢ 
سا‎ 
ke 


We have chosen to define velocity as the output to be maximized. 


A second new feature of this problem is the geometric constraints: the maximum track length is 5 
m. Intuitively jet diameter should be chosen as the largest possible fraction of tank diameter for 

- optimum performance. Using the spreadsheet to vary B = d/D verifies that this is the case. 
Therefore we have used the maximum allowable ratio, B = 0.1, for all computations. 


Tank height should be a factor in performance. Intuition suggests that increasing tank height 
should improve performance. Using the spreadsheet shows a very weak dependence on tank 
height. Performance is best at smaller tank heights, corresponding to the minimum tank mass. 


As tank height is decreased, diameter increases because tank volume is held constant. Since 
diameter ratio is constant, then jet diameter increases with decreasing tank height. This effect 
almost overshadows the effect of tank height. 


The principal limitations on the analysis are the assumptions of negligible motion resistance and 
no slope to the free surface of water in the tank. Actual performance of the cart would likely be 
less than predicted because of motion resistance. 


Distance K modeled کو‎ 
Kin, = Xit UAE + PNG át? 


The accuracy of this model for posite 15 Consistent with the BLE acy OF 
modehag the water-je? propulsion Syst. 
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Problem 8 [5] Part 22 


| Analysis of Cart Propelled by Gravity-Driven Water Jet: 
input Data: 
g= 1 m/s? Acceleration of gravity : 
H= 500 mm Height of tank 
M.” 0155 kg Mass of cart 
= 100 L Tank volume 
B= 0.100 (—) Ratio of jet diameter to tank diameter 
p= 999 kg/m? Density of water 
p"= 0819 kg/m? (Area) density of tank material 
Calculated Parameters: 
a= 0471 (E) (a? =} Ratio of mass of tank to initial mass of water 
b= 0.0313 s' Geometric parameter of solution 
d= 505 mm Diameter of water jet 
D= 505 mm Diameter of tank 
My- 100 kg Initial mass of water in tank 
M,= 0.0666 kg Mass of plastic in tank : 
à M, 0222 kg Mass of plastic tank plus cart : 
i Calculated Results: Water Level, Accel., Speed & Distance vs. Time 
t Time, t d —" ca dial | 2 | 
(s) C mis? (m/s) (m i| 8 : 
0 ME 0 0 | Ege 
05 0903 0.160 0080 00201 | à 
10 0.810 0.159 0.160 0.080 ` 
t5 3 0.158 0.239 0.180 : 4 Water Level 
2.0 0.640 0.157 0.317 0.319 ئی‎ i 
25 0563 0156 0395 0497 | $ j 
..80 0490 0.154 0473 0714 | ES 
35 3 0.153 0.550 0.97 i cessi 
40 0.360 0.152 0.626 126 | & 
4.5 0.303 0.151 0.702 1.60 
5.0 0.250 0.150 0.777 1.97 0 
5.5 0.203 0.148 0.852 2.37 
6.0 0 0.147 0.925 282 | 
6.5 0.123 0,145 1.00 3.30 ERA E 


7.0 0,0900 0,144 1.07 3.82 


75 0.0625 0142 114 4.37 د رف‎ Tine 
8.0 0.0400 0.144 1.21 4.95 5 | 
8.03 0.0388 0.144 1.22 5.00 ! 
9.0 0.0100 0.137 1.35 e : 
9.5 0.0025 0.135 1.42 | 
10.0 0.0000 0.133 1.49 Y 
x | 
e 
2 
82 
à 
1 
0 id | 
| 0 2 4 6 8 10 | 
Time, f (s) 
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Diameter of water jet 
Diameter of tank 
Acceleration of gravity 
Height of tank 

Mass of tank 

Density of water 


(a? =) Ratio of mass of tank to initial mass of water 
Geometric parameter of solution 

Initial mass of water in tank 

Ratio of jet diameter to tank diameter 


m | 


f 
i 
| Water Level, Speed, and Accel, vs. Time 
1 
i 


Level, Accel., and Speed 


Acceleration 


Time, t (s) 


Problem *4.179 [5] Part T 


Open-Ended Problem Statement: Analyze the design and optimize the performance of a cart 
propelled along a horizontal track by a water jet that issues under gravity from an open 
cylindrical tank carried on board the cart. (A water-jet-propelled cart is shown in the diagram 
for Proble: 4.1371.) Neglect any change in slope of the liquid free surface in the tank during 
acceleration. Analyze the motion of the cart along a horizontal track, assuming it starts from 
rest and begins to accelerate when water starts to flow from the jet. Derive algebraic 
equations or solve numerically for the acceleration and speed of the cart as functions of time. 
Present results as plots of acceleration and speed versus time, neglecting the mass of the tank. 
Determine the dimensions of a tank of minimum mass required to accelerate the cart from rest 
along a horizontal track to a specified speed in a specified time interval. 


Discussion: This problem solution consists of two parts. The first is to analyze the acceleration 
and velocity of a cart propelled by a gravity-driven water jet. The second is to optimize the 
dimensions of the cart and jet to accelerate to a specified speed in a specified time interval. 


To analyze the problem, apply conservation of mass and the Bernoulli equation to the draining of 
the tank, then apply the x component of the momentum equation for a control volume to analyze 
the resulting linear acceleration. A representative plot of the results is presented below. 


To optimize the performance of the water-jet-propelled cart, manipulate the solution dimensions 


until the best performance is attained. 


mm 
mm 
fus? 
mm 
kg 
kg/m? 
c3 
کې‎ 
kg 
(=) 
Velocity, 
U 
(m/s) 
0 
0.196 
0.392 
0.588 
0.784 
0.980 
1.176 
1.37 
1.57 
1.76 
1.96 
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Input Data: 
d= 10 
D= 100 
g= 9.81 
Ha 150 
M,= 0.001 
p= 999 
Calculated Parameters: 
a= 0.029 
= 0.0572 
My= 1.18 
= 0.1 
Calculated Results: 
Time, Level Ratio, Áccel., 
É y!H a, 
(s) f} (mis?) 
0 1 0.196 
1 0.810 0,196 
2 0.640 0.196 
3 0.490 0.196 
4 0.360 0.196 
5 0.250 0.196 
6 0.160 0.196 
7 0.0900 0.196 
8 0.0400 0.196 
9 0.0100 0.196 
10 0 0.195 


3 

= 
ky 

k 


Part 2/4 | 


| 


Problem *4.179 [5] 
Given: Cort, prope Heo by water yet, accelerates A long horizontal track, 
Find: (A) Analgze mohon deri له‎ ۵6٥٣7 egua tons tor 


Acce lerahon and spetd of cartas Functions of time 
(6) Plot Acce lerañon and speld vs, time, 


Solution: Apply CO ASEM YO or 
bf mass, Bernonte, 
and MOMEN ttm €q cat rou. 


Baste eg ua hors : Y 
0-2 d +/ V-dA les 
Ele tje 
1 y n =0(3) y? Me = mass of tank, art 
Ll اد‎ ¿rl 
=a) =o(10) به‎ oct) D 


Agstemptions! (1) Ua ife دوم‎ flew from exit yet G) Neglect air in CV 


O = SG Acn + real} = pMa EL TOA =A V+ PA: o 


A BN @)‏ هی 


(3) No slope To fret surface (given) 
(4) Auasi- Stacy flow 

(S) FErictióntesa flows 

ly Incompress thle Flow 

A) Flow along a streamate 


Suash tut ing from (2), V? -Ay = VI (IY) = وه‎ j y= Tn (3) 
Subs ju dno ite A dy = - BV; = St Wed. op da a -PVR ie 
dt (1- pt) t ^ [et 
. y " 
integrahig, ty) ته‎ PONG r ټک کي کن‎ 
l do (i-a) £17 e") 
Thes 0 په‎ a Bt p = j-b : s GO E 
(ay o PENNE ee area) i 


http://librosysolucionarios.net 


QuAYE 
SUAE 


[5] Part 3/4 


| 
| 


(o) dU e) | 
———— ÁO 


U (t) ! 


(5) 


Fvl 60 = (Act, La bey 


C 


Problem *4.179 


From mamta parm (10) Fay =j; n0 resistance 
Gi) FBx =O; horizontal mopon 
CETE Cv, so Me XO 


Then 
-Arf Mle) = uj P levial} = “Pu A, 
arte" Y uy =- Vy 


But From l4), ME) = Me یا ېم«‎ = Me + Ago (1¬ bt )* 
ft a Wu _ 9 = 2 
Fram (3), Vj ar = et Yol! bt) 
Substituting (ق)ملام/‎ 
W [my ۵یام)١-ط٤((‎ = q^; 
Dehat P له مز د‎ mass of Water "d Then 
dU Py, + -bt] = My GR” (1- bey 
22 [Me Moli bt)*] نه‎ ) 
br 


dU £4 5" Moli- bt)" 
dto QS Me r Mol ret)? 


Ta و‎ rade , lat A= lebt, da == bdt, dnd at = l/r. 


= 1 
x dU = eje" m Pz =~ EG e L = bh 
i l Far C E) PUE ¡pt b [^ quM | 
$ -242 1 tfo- bt) — atan "ist 
Rar b (Es J 


J A G5 a. tan UE =] + aten7t | 


Sem او‎ EJA], then 


U = TE fe + Elton" (5% -tanl2)) } 


Me s‏ غ 
a = —‏ 
اف |= Mo ? e‏ 
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| 


Problem 9 [5] Part 4/4 | 


| Given: Cart, propelled by water Jet, accelerating pr horizontal Track. 


du 67 (-bt Y O 
Jt e*t a+ (ret) | | 
د د وچ‎ Cae" a i/i- zi 
UG) > pi 2 ونو‎ (2))) a 
S E 
| OS | P Ts, deus 


Fined: (a) Shape Tay tank sf mmimim Mass trr given Voletent, 
(b) Minimum ¡vader volame P reach U= 2.S misec in t * £X sec. | 


Solution: Mass of tante is Ma 2 ASE »where t= thick ness gf wal! 


As = Ábottarn + Aug nate. x TD. + FDH 


: TO? ETA 
Since volume is Y oz uo thea H = T. and 


TD 4 4¥ 


Fp) 7 ux D 
70 men ume, str As (AD =O 


Ag = TD. TO ay 


dA T -) dt G | 
MC IRI =y s O fe يي دا لست ره‎ 
E = TDH TD < hase Hy 
he) Y o n MESE. A Z (4) eae 


IM DC CIC —— i 


| The tank MASS per volume for و‎ ph mem HÍD د"‎ 


| TD*'VTDH) | 

: met تم‎ is Je. 0 Uti a E HY. t 

| i wo du MEE (e+) =& B98) = SAF | 
j 


TD" y 
7 


Therefore mass depends on Pet ۳ a give? VO kame, The minima 
mass is achieved trr the sma liesi Combina hoa of & Anat. 


غد 3ل + 3 اب ES‏ وه i‏ 


which sH dd ل‎ pens on Vo / Snce iF contains H, 


The best colchon Strategy stems To be: pick Y, calculate H, D, 
f, 2, and b, then Plot TK), 
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— Problem *4.180 [3] Part 1/2 ! 


Guen : Arg SET wer morse do C ټی‎ 
Ae یله چک‎ ES mo 


FA... o Monette کی‎ Par Goes Mens o 
DEIA Se Cos 


dos oí ek X Nes Comsa SA Q Si as : 
AUS | y nA of pera we همو‎ 
GN همی‎ ON کې کېل‎ Lorn, CEN RANTS 
WS, Sub ody غه‎ a Lindas of © یک‎ Me eon, که‎ 
زو دو‎ - ON Ne 


N Morven of E و‎ LA x 
UBND ET URA CA noon ae Drag of 
LOT Noles یا‎ arm, کې‎ Ve m of com, 

WAL GG eu ee SA عیکمیی‎ SAA 


Ate eos Bear ye CA ES ۰‏ د 


Desc econ: $ at. zo 
SAN nae vas 2 poe VM S. AND 
نا‎ e, ٠ me 3 AG eu AS MA Nx 


esr fw Xa o9 5 
QE A Das 
GNO united Los di oe we cad 
SS شتو‎ E NS of We Ca * 
ي‎ caries of mas که څمهکیسا‎ 4x si. 
wo Ne KS e Cocos SON s of 
t Se E Ma = oa SS 


Y ae ^ Pana = Do Ae SN & یا‎ eM, ARN SA NG 


Vut ps m el پل‎ = A (east .نف‎ 


z 
È 
E 
5 
t 


Cen 4 


A = ز‎ S e Tw o 
17 = وې‎ — Wessel ENTE S 


Wary س‎ EN e A ces ded E xeu du 


EV NUN karen WA = M AS ووه ې‎ Chas de د‎ y 
ER, بو که‎ ET e 
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Problem *4.180 [3] Part 2‏ — سسس 
Kasia T - oA |‏ 
Na oso OS A . VAS gard, = V wo‏ 
TE Sse‏ نن Wm aan, A‏ 
که et‏ 


Sis. = . 5 kaf 


Ren US$ درک‎ “oris 
i 1 M 
omen Gorn A m WS La بيدا‎ ¿US ES o شون حا‎ \ 


cy EN > ASS E l 
د یي ده‎ ٢ = MINE! S * NA cese. = | 


Cor Be cau oC es Bm ar. SS 


Se >O ma fmi. Te. 


۷ 
> 


x a : i A : 
TN Sa SA Sese X ane) = o 
"Nes solve Lor Nas Gorila w= PRA, 


3 % کوب‎ 
: u^ Rc al D 
E ۳ سلا‎ 1. : ree E — m = anne Eta س‎ 
2 Vow aso + واه‎ X can 
و تا = یا‎ —— "E ي‎ 


2 کچ‎ 2 
Ml. SA ws SE نلعا‎ 
Soe ai CN ۷ 


Re CAO, ES A Aveo ea NA ve > 
" نع‎ A کن ول‎ ¡EN Sa MIS SICA C. Laa a 
EE نڅ‎ mh. مس نت نه‎ eq poco C a= wi, cose 
Tones Sa A سرک یسيپ‎ eq ya van ES “Ags YN, SO 
or Mea yos ? وسور سه‎ 
Teen Eg څ‎ we sr MAL په‎ D morros یلا‎ Namdancss So 


MI- TE ages, 


۳ M. j 
3 s US coso ES SS 1 | | 


Jet Speed for impending Tipping 
i 
| 
| 
i 
| 
| 


Jet Speed, Via: (m/s) 


O0 10 20 30 40 50 60 70 0 
Angle, 6 (degrees) 
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ÁS Problem *4.181 [2] 


Given: The Go" reducing ello ta of — ~~ Example 4.6 discharges 76 
&tmesphert. Section © ii beard 0.3m 40 the Pug hort of See tien (D. 


Fine : Eshmat: the moment پېویږت‎ d! bu The Farga ga the elbow. 

Sola hon! Apply moment oF momentum, using The Cy 
arid که‎ Shaws. 

nee From Example Problem 47, =~ lay mis, A 2.0 m 


LIU ed 


our Steady flows, Ar 00025 ۳ 


exi Basic equation (treo eva do. am 
لت‎ : 
زا‎ 0 Tos $, eee 


Assumpheis: (1) Mea lect body ferias ) Incompressible flew 
(t) Ao shares Sa Tahate ۵ 
| (23) Steady flew (gives) 
(4) Uniform flows at each cross section 
Then 


Mange ~ PE) ee 7 Ax رهام‎ + Rett {reveal o) 
= T * eb] 
A 8 F ac ر‎ pra 2 -2 +0 
دد‎ 


TEAMS d 


Substituting into 17 
Minge - - ak {+A == غه‎ Ark 
3,٨ Melk (rey em? ski 7 (E) 


This is the torque that must be exerted دو‎ the CV by the Tiange, 


{ Sunc Mea rac js de the -È dwechen, rh rmat act Cw! in the Xu-plaac y 
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ae ee een ar ae ا‎ 


| 
jS 
| 
| 
n 
2 
i 


f, = 332 kf gage) 


m” a 0,044 m^‏ "چم 


Problem *4.182 


Given: Crude oil (S6 20.98) flew through a pipe assembly in the 


horizontal configura tion Sh Our, 


5 اي7‎ 
Q = 0,58 m/s و‎ Re, == 2 TT سل‎ RÀ 
| Lim | 


Find: Force And torque exerted by ASSEN leg | 
on tts Supports, 


the y Oireeton, ARE Y. Compantnt 
6€ peas mo ۷7 ځ (ډۍ‎ LU And په‎ one AL 
of momentum Equations E رس‎ 
CV Shown, Locatisn of coordinates ts 
arbitrary s: for Simp hee Fey CHOOSE 
AS Sho لصا‎ 

zoli) aft) 

, ۹ of ED. 
Basic equations: Fa, + Ffy = HS upde +f wp. dA 
Cv [s 


za S) او دسا‎ =o¢Z) 
mo 4 
Pek + FT pav + Taft = A FrV par 1 EX لتا ام‎ 
EN 4 و‎ T TV cs 
Assumphons E O) و‎ =O 5 a acts A 2 deta 
C) Steady flow 
(2 Uncfsrm flows at Each sec درو‎ 
4) No 3 component of Ax È 
(5 Tuam =O 8 


TD» 


a 


i= 


Ry, t Ru, ^ PATIRA = e, fon tars mf "D Ry, Ky, = (Rd 


Fram piament af mamentum, 
=0 


T, * (Ry, + RANE ej «le =p د‎ Fx fr b+ E Af; E اه‎ Fi P] 


22.4 KN 


/ 


“LR wale = -LV(om)k slum =i $ (pa) k : = LEA : 


2 
Kx, = SB =p, A =-0.78% تت‎ NOE doo A m IRON q عم‎ 
se o. ی.‎ ii Keim pu 


Kx = (pu pd A x Rx, = PLA” BA HAM. نا‎ > pat FE 


a 3,32x0ÉN oom" ALT 923 ke ee Po / ALS 
A. 0. 4 Bete kg 0.58) ta 14 Xe d. 
mi T £2 af Ex "een ax ES p" 224 KN 


Ab e 
PE = Fx kt = LP eRe f= LR, = RR Ê knee 


These Are forces and torque ûn CV. The correseoading reactions Gre! 


Kx, سا‎ Ry, T o23.4 / Af T Kx, m Ryg c — وود‎ EM i ge. 
tpe چب‎ “F i B m 2 
M نت‎ Px cm Hb ربدا ځا‎ Cte. clockt se ) Torgus 

eR ee‏ ایک کو ae a E‏ شي وه 
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So / نا‎ : NO moment Comporeots Ex un 


From momentum CQuation, 


| 
l 


Problem 3 BE 1 


Bien: Simmpiifréd jason sprinkler rotañg مر‎ Vs“ 
her Zor tal Plane, Q* Q.S gal min. ione /d 


Lu aeu discharges hor ize fa liy fram Jets. 


pivot True hon, mirhaa BÉ ariak ler,‏ # حځ / دک ر/ 


Find: la) Torque needed To hold at ند‎ 
(6) Angular accteleraton when torque ib removed. 


Solution: hoge rotating Cy. Apply Angu lar ramenti prinerple, EA 
ue c-r af zote) 


Basic equahea: nx A *L Pire + Tasas 
pia) 
=f Pul Ax, T ae) + üx?] pole 
act) 
چا‎ =+ | - 
Asáumphens: fi) Mo seer face ferces (4) اھ ع اک‎ Flew i 
G) Bec, ۳۳ دع‎ Cancel (5) Unifiee m flew atdach Se t 


(3) sorináler stahonary, to (t) LR 


Analyze night arm of sprinkler, Prom geometry Far? in ev, P= RE at yee, 
Then m سو‎ e شه‎ 
TE LE po = Ro x vip arani way 
"iua a torte: "UTI TES 
rîx ûrê) د‎ rîx rf «wr wa ur pa f 
Drgang k, T- (opa RT. mE, When arm is stahorary, فا‎ *O 2d 
Te mkv meo = 049 .با پا‎ 73 3 (onu) m3 mun 
F ê اس وول اس‎ LT I هه ب‎ 


a 28 z دوو‎ 
۷ = 7 = 2 RY erg س‎ e di ] 
ZA Td T x "s SERT A mi 


T~ پر‎ 0.284 kg dere مه‎ oa a 0.09.87 Men (er arm) 


For Hud arms, T; «ZT د«‎ piqpa ې ص‎ D. IS. Ni 


When Torque کا‎ removed, angular acet lerahen ibid de te Same devo 
dach rn Thus 


dy 0780 ae n ل۷ پر‎ 02.» 610 Ia [s 
z 5 4 | ېر‎ AS 
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Problem 4 


Given: Simplified lausn aprinkier rotatiag in 
herigonted plant, û * IZ gal/min, 


Water discharges ه2 ها‎ tecla from ets. 
Neglect pivot Friehon, inertia of sprinkler, 


Find : (a) Derive & differentia هتفه‎ han fer 
angular pted aia nehan of pime. 
Cb) Evaluate پامة غاد‎ -statt angular speed, 
Solu hen! Chest rotating EV, Apply angular mementem prine pit, و5‎ 4.53, 
1 i mel ني‎ aaa) 
Basic tua sion: Py Fs L Ax denm + afe 
004) 


-L Pe [224 Vez? AT. tal», Fx? lew 


di Pa Vege +] fx V, y] fV, ' له‎ 


dy È x0, (2) Body torques casces, (3) , =p; (4) Mo k compares‏ ووس وو 
Of centripetal acer jeraron Cr) Hita fiw, lc) eer‏ 


Faye: rig hh arm of sprinkler, Fiera gtamtin,, Per? in ev, 2 دد‎ at jet, 
لا نوا‎ ave + wk «et paar = adap PL = 2£ 
rî «) 2-00٨ + iré] = (223r + rt) یکپ‎ - (gv * WE) pA 
.هم د نا‎ . : 
- uiguA g* UAE z Pg Ev pr d و‎ [- WeVARE - P&.&v] 


The ل‎ -a-bu, Where x3 "i EE a av" bei 2$ av 
2۳ tae CUm! gar 7 


des وت :از ها‎ “A~ bw ss, Lids, Lohan p = - Yes i t ote veg fase dra) 


Qa کب‎ gal ISi کم‎ (korru) m3 rm - gA 
وا په‎ a oe “oe "HN ET /5 


mas d ټک خم‎ tuy" ze ح 2 -ی مس ه‎ pack (-287 rpm) 


f ns د۱ ځا‎ met necessary o Sofue the differe mer egua ten $ ad kman: } 
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Problem ( 95 [3] 


Given: Simplified laron emer mtating p 
harizontal plase, Q = 4.1 gai fima. 


Water discharges horizonta lg from jets. 
Neglect merha of spriniier; ې‎ = Does {+ lbf 


Find: (a) Derive a differentia) equator arr 
daglar speed ai A ور کپ‎ ton pf tine, 
(5) Evaluate steady-state Angular so&te. 


Solution: Choose roteahag CV. Apply angular montt Principle, 59, USE, 


un =p ft) 
Basic egua hen: Pr + + [Page + That 
=p (4) 
-J Ful 2d «Vey د‎ )* Ent بان م‎ 
= 


¥ Fr Views pat 2 Pr Via Pega di 


Assumphens: (1) F; 20, (L) Body لص ېپ‎ cancer, (3) Tibat, "0.045 fe. lif, 


Ab È component of centripetal acceerahen, ir) Heady‏ اا 
رع Flota , C6)‏ 


Analy3e right arm of sprinkler, Prom geemetry, Pert in CV, P Ras jet, 
- rex [wl x vt +h art] pade = Rê vp وم‎ < E 
rê nf auv? + orj] "(ove turk; -fa = veto ag pa k 
For beth arms, drag k, (r=. 0r fe ال و نن وو‎ 
T- ZwpyA£* - ځا هع ن2‎ pa RV or to = aas | ٣ ad - 2wevar'| 


= 2 : : L 
Trias dus . A bto, When Bx impar pay, E E. 28۷4 ٢ a 


[3 
Tht sSjecchj-5jede id eteri wher E رهه‎ ٤٤ WEA Lg. s " 


a ial, Ti ant A and T. = + dra? 
2 ma gai? 1053 1713 ا اب‎ AAA y "dont qut 


From Tht 0.5.6. Woms = T -£güfv 


ind Dude mede m‏ بس 11 ے Oen Mm,‏ -0| ے 
Saa t tp 0 =" gU P py ATI‏ 


l i 
۾‎ ——À i —À 
اق‎ . ig Em" Din 


nay * - 7t fed JS C- 43 rpm) 
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JE 


i 


i 
هه‎ 
^ 
man 


18 Hii 


1 
| 


E d 


[3] 


Dia. = 15 mm 


6 = 0.005-m 


y= 0.05-m 


(4.52) 


)1 - و و = rdr‏ 


Fx Va p d¥ + NE x V. PV + A 


Problem *4.186 


*4.186 Water flows in a uniform flow out of the 5 mm slots of the 
rotating spray system as shown. The flow rate is 15 kg/s. Find the 


torque required to hold the system stationary, and the steady-state > 
speed of rotation after it is released. 200 mm 
250 mm 
Given: Data on rotating spray system 
Find: Torque required to hold stationary; steady-state speed 
Solution: 
The given data i 5 kg 1 kg 7 " 
e given data is p= 999-57 Mlow = ides D = 0.015-m ry = 0.25-m 
m 


Governing equation: Rotating CV داي د‎ la F x Fp d¥ + Toran 


+0x(0x7)+0x7]pdY‏ يا F x [28 x‏ اخ 
CV y‏ 


For no rotation (œ = 0) this equation reduces to a single scalar equation 


r 


: 0 > چ و م 
dA or Tohaft = 2:5 rV-p-V dr = 2-p-V 8:‏ ږې Tohaft = rx Vxyz PV‏ 
Tj 1‏ 
Mflow‏ 
where V is the exit velocity with respect to the CV V= B‏ 
(rg = n)‏ -2 
2 
Mflow 2‏ 
Dflow ("o‏ 
2 2 : 
Hence T = p| == ٢ -n ) T = :‏ 
shaft = P 02 5 i) o Tï shaft ^ 4555 (o 5‏ 
k A m 1 (0.25 + 0.05)‏ 1 
Tage eo A o er e T shaft = 16.9N:m‏ 
999-kg 0.005-m (0.25 — 0.05)‏ 5 4 
> چ و م و و > 
For the steady rotation speed the equation becomes =| rx (zu x mr dV = rx Vxyz P Vxyz dA‏ 


2-wx V Jo dV must be evaluated for the CV. The velocity in the CV 


> چ و‎ 
The volume integral term -| rx ( 


XyZ 


varies with r. This variation can be found from mass conservation 


For an infinitesmal CV of length dr and cross-section A at radial position r, if the flow in is Q, the flow out is Q + 


dQ, and the loss through the slot is Vádr. Hence mass conservation leads to 


(Q + dQ) + ۷۰6-000 = -V-6-dr Q(r) = -V-6-r + const 
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Mflow Mflow Mflow : و‎ 


At the inlet (r = rj) Q=Q;¡= 


Hence Q = Q? V-5- (Fi : = EA | RE درد‎ Q an 
o li 


m rar 
and along each rotor the water speed is v(r) = Lom flow | o 
A 2pA(r-n 


> و و‎ 
Hence the term - | rx (zu x Vays)? dV becomes 


Tj 2p 


$ T د‎ S : Dfow | lo ^T 
=| rx (20 Vays)? dV = 4-p-A-w- r.v(r)dr = 4-p-w- r . : dr 


r 


[9 3.2 
> ( > Vga) Ig Y lo tH (21 - 3-19) 
-| rx[(2wxV -p dV = 2-m I" r dr = m د ں.‎ 
or xyz) P flow نس‎ flow 1 = 1) 
Ti 
DOE DU 2 2 2 
Recall that rx Vxyz PV ږې‎ dA - ۷ (n, zh ) 
> وچ وم — و‎ — > 
Hence equation =| rx (a x Vays)? dV = rx Vxyz PV xyz dA becomes 


Solving for ه‎ w = د‎ A w ے-‎ 70 


http://librosysolucionarios.net 


Problem 767 [3] 


4.187 Ifthe same flow rate in the rotating spray system of Prob- 
lem 4.186 is not uniform but instead varies linearly from a maxi- 
mum at the outer radius to zero at a point 50 mm from the axis, 
find the torque required to hold it stationary, and the steady-state 
speed of rotation. 


Given: Data on rotating spray system 
Find: Torque required to hold stationary; steady-state speed 
Solution: 
The gi data i kg kg 
e given data is p= 999 = Mflow = i D = 0.015-m ry = 0.25-m n = 0.05-m $ = 0.005-m 
m 


Governing equation: Rotating CV F x + | V FX gpd¥+ Than 
1T dey 


For no rotation ( = 0) this equation reduces to a single scalar equation 


> —> = > Tg 
Tshaft= غه ال اور‎ or Tohaft= 28 | مه۷‎ 
ri 
where V is the exit velocity with respect to the CV. We need to find V(r). To do this we use mass conservation, and the fact 


that the distribution is linear 


E 8 : 1 Dflow 
V(r) = Vmax (r =a) and 27 V max (To 1): = : 
o "i 
Mflow (r - n) 
so ‘os 
(o 77i 
To 
Tg 2 2 
mg r-r mgow (it 33 
Hence T ۰ iW duod OW ( i di ^ _ flow (i o) 
shaft 8 hafi TERA 
: p CR 05) - 1) 
Tj 
2 3 
Tohaft = 1 x 15.58 x e x Nc x (0.05 + 3-0.25) Tshaft = 30-N-m 
6 s) 999-kg 0.005m (0.25 — 0.05) 


For the steady rotation speed the equation becomes 


> > — پچ م 


).pav = rx Vr yz P Vxyz dA 


XyZ xy: XYZ 


> > و‎ 
— rx (20x v 
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> و و‎ 
The volume integral term | rx (a x mr dV must be evaluated for the CV. The velocity in the CV 


varies with r. This variation can be found from mass conservation 


For an infinitesmal CV of length dr and cross-section A at radial position r, if the flow in is Q, the flow out is Q + 


dQ, and the loss through the slot is VOdr Hence mass conservation leads to 


1 1 


mow (=A) پ‎ 
s 


(o) 


(Q + dQ) + V-8-dr— Q = 0 dQ--V.&dr  Q() = Q;-à 


I 


At the inlet (r = rj) Q=Q= 


Hence 


and along each rotor the water speed is v(r) = = = — | 1- 


0 
٥ 2 
td à flow (r- 1) 
Hence the term - | rx | 2-wx Vxyz -p dV 4-p-A-w: r-v(r) dr | = 4-p-w- E 1- ووه‎ dr 
li F ("o n) 
becomes j 
To 5 
(ro =r 1 2 1 1 2 
Or 2 Mflow' e r Bec dr = mgow e go + 3 Hs = 3 
: -n 
Tj 
Recall that e Vip: V dA = د‎ (5 m to) 
XYZ XYZ e( " : p. 
> > و و و > و‎ 
Hence equation -| rx (a x m" dV = rx Vxyz P^ Vxyz dA 
> 3 
A ONERE UNE عا‎ Mflow (i+ 2 
flow 69 gio 5i 6(r - )-p-à 


Solving for œ w= w = 1434-rpm 
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Problem 58 [BI 


Givea: Single rotating tbe with water, Pam " 
"uid T. “a 
T 2t i ^ s rel 
Qc 13.8 Lima / Y, x ` 
له ه‎ 33-13:0٧ Cre? RŽ 300 mj 
Fined: Torque that ruit be applied وا‎ ee ou 
maintain Sia, miaton ing: dv Y ول‎ x 
(a) Roteh ng corte! vs ieme > " 


(b) Fisted contra! volame, 
Solution: Apply Angular mome nta سار تا‎ 283 ‘Sx م‎ 3.9 reads 1 
(0) وې ؛خه اما‎ £V; ese pefative velocifiés, Bg t. £3 : 
watt) eo (Zz) 
Basit equate: Auf + [tif سم‎ + Tabet di. 2i 
M + CA) + ^ di 


£L. Yay Pol "Lo "AP و‎ A 


Assumphens: (1) Fa "0, (E) Boch, دعو‎ ane | (3) Ne Ê in dente pehed acel, 
tua «0, (5) Steady Flow, Lo) Fx O =o 


Taare È = | Pale ed Ji Pi x(Zurk Vt) Ade = weVAR*E up KE 


I5nafe * 3:97 124, 999 سب"‎ | (0 SY m* eet 2087 zz Nim 
E: mun” “pos agen 


(b) Fixed contr! ire O Abie lute ve behez, E. 
ailê) 


Basin egua hon: و‎ L P fay + Teri “af Px eed w +[ P Lu, dA 


To fixed coord nates ky, F =r(wseirsasy)‏ اخ ول ها ار 


V. voss’ 14587) t rte (- sim وص ې‎ $) 


t 3 à » s 
Prev = ۳ ددعت‎ ran ol = k (rusmacss vu ens e wre 
Veasê - ومهم‎ Vie be ous Ù صقم وام“‎ xr iris iio) 


Thus Ag =o and [ Vx V دل ام‎ > Wer f rea} - weak Ek and 


Lass k = wra Ek (as beret): Ta p0721 Nim 
f j 


Mele Thé When applied correc thy , either Zheict of CV Produces ۵ 
Senge re sieht, 


http://librosysolucionarios.net 


Problem 9 [B] ione |‏ مسدب رج 


Orven: Lauson Sprinkler rotating in horizontal plane, 1 pes Pom. 


Neglect frichor. A = UE ما‎ 


Find: Steady-state angular spted fac هه‎ 
Plot: Sttacy-state angular speed fr 0S C s Qe? 


Sutton: hæse 1٤ Qv. Apples Angee lar 


(none rum. rine ue, Eg. 453, 
0() 


ole 26/3 
Basie Lahon! P p 
EG 1 زی + کرش‎ (dV t state 


PARE 


LIE o SOUAR 
ETS 5 dure 


*06(5) 20(6) 
f MET d : 
"- -p M. چ‎ -> 
m ÜX [2x Vay + x(t Xr) رور‎ 
eot) 


-i[ Fx Vis الم‎ +] Px Vao 27 «JA 


; Agsumphens! (1) Fe =a, (2) Boda Torque ceca cel, I. Tion =o, (4) Neglect 
| AE Medley nomic drag, (5) Ne & component of centiipetal 
act eration, le) Sheeley flou, (2) Le 


Analyze ont acm of Sprinkler, From gta thru P "CL (A Cv Fabat yet. 
They 
E xl x us] pae = R CVsingg) يم‎ = PE ‘Sind R 


rû x (ok x v2) = dave Ê j s = = VRLA k 
v 


R, -WVRPA =- CARY ane so with VA = Ala,‏ و لی 
3 
i= Y E Y” A DO - 4 y BERIT ra / n» 7 d‏ 
| کرو tos‏ حم د Sra Tay min‏ " 34 : 5 
a‏ : ول sin E rad‏ 718,3 = اک × dpud 0 m x l‏ 
S Or Sê en‏ : 
ا س pr MÀ‏ 
Fo ttiag : dus‏ 
For $ x‏ £5 
a‏ 
Bo‏ مک 8.8 (rad/s) bo Kj x‏ 
ta‏ 
Uo Gm 39.) rad fe, CESS :‏ 
20 
0 
Fo‏ دم 30 0 
B degrees) Plot‏ 
ا وه ج ا و PR AA ER‏ 
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Problem 0 


? 
Given: Small lawn seriakier دی‎ shoes, Le Mei | 
E ET 
Friction torquc at a= 30 pr Fixed ev 
pret ٤ T, = 0,8 Al« m. yw 
Flewrate 11 A = a berfan ia. 
[net Torgue Te hold Stationary. (gage 


Solution: Ape moment af momentum usg Fixed Cv tnefasiag 
هوک‎ ٢/۸ یز‎ lee arma. | 


Basic equation: 
د بب‎ weil) z5(3) 


7 fa "i A Gpe + Tuan az E rev pole +f چا تاج‎ 
Assumptions: U) Megiect torque due fo surface forces 


(2) Targas due te bench, forces carcel by هیلک‎ bT 
(1) Steady fior 


|) atermin favo tech jet 
Then 


-qk (FeV fa} + 22i, f doa] | 
(fV), xa Faft- و‎ 
V = (Fu = Ve, sa Jig + Wer sia by 
The Abso kite velocity of the غار‎ leaving 3praniter is Y = Vies [asst (Lg) 512] 
- h : "m -8۵ 

Then (PV), = [Edy «Vie, [cosa (~ by) + ine t1], = [Ricos Ely) +RVrersina Eta 3 

(Fat, ا‎ —EVALGas x 
a bir asus, eat سه‎ Tert =Te = ريز‎ tasa ) (PPR) 


Thus Taye = Te - FO Raj cose 


= 87 7 Pb, sn ا‎ 
DIA _ -944 9 ےا‎ A AE cate TT 


Têxe = "000061 Um (to hola gorwikier يوغه څد‎ 


Sinee Text 4&0, H must be dpoled In the "need A director to oppose 
mhon 
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Tro 
DITE 


] pnmum 
inii 


Problem ( 41 [3] | 


| Given: Small lawn Sprinkler Gs shows, Le Ne! 
Meg] = I? mls i وا ووي‎ ae 


*30 په torgue at‏ غ م 
privat dà gero, [eb kg om?‏ 


Flewrate د په = 0 در‎ |a. 


! Paagply ۶۱۷۵ kfa 
Fina: Larra] @nguiar acat le دو‎ (gage) 
from nest. 


Sofetion: Apely moment af momentum Ett ترو‎ Freed Cv enefesing | 
Sernklteo arms. 


| Basie equation: 
| Pa cr Fila -0(2) 
br j =i |= = =œ E = E سا‎ ra 
وز سه‎ EIA + [PV p Uus 
Assumptions: Ü) Madct torque gae fo Surface Tories | 
(2) Tarquees due te dot forces carcel diy مي ۳موک‎ 
(3) Steady fiow 


62 Uniform Flow leaving teach jet 
The 4 


-m& (VOL f-ra} + alli feral 


٢ xa FoRo‏ و 
وڅ Ver sina‏ + وا( Vi = (Fu = Ve, cosa‏ 


The jet leaves the sprenteler at Viais) = We, [ens « (788) tsinelt, 1] 
Theta rev = KE. x Ve, [cosa ig) tSt (t,)] zm [cosa (-13) Toa (- 291] 


SL mi ig Moments an The Mob, EM a Ia. Thes 
iy El = PL Vey osad- 7 
= E 


I Ami gm l f‏ ,رق 4 keg 4L dim im ð. mt‏ 777 ور 
"los is 0. | kg em ®‏ نک او a EL] P ks‏ ا ۳-٣‏ [ 


w = der nag ls” to 
a p ————————— ې‎ 


| JI 15 not necessary hase O nma ting EV, because af the وي‎ 
| OU êra êa, ود‎ anda I i3 crew, 
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Problem 2 [4] 


Given: Small lawn serinkitr ás shows, Len | 
Pa 


Veep = وو‎ 


Frie tiba Torque at ot = د ېز‎ 
pivot 5 74 = 0,18 Mem 


Plewredte 40 s Glo hienja. 


Find: (a) Steady speed of mtatson, 
(b) Arta Covered bu Soci, 


Solution: Apply mament غږ‎ momeatum using fined Cv 2۸-9 


armas.‏ 27ورعل دررګرګېک 


Basic equat arî: 
سا‎ (3) 


ef. +f Ffa الو‎ + rane “HL, 2:۷ pole + [ Pap aA 


Assumptions: U) Mégiect torque due fo surface Forces 
(2) Torques due to deol frees canet) by Symmciry 
اقا‎ Steady fio 
OY) Uniform flu Having dach yet 


٢ : n 
- (FeV f-pa} + 2(P4 V) f dpa] 
GELEM Sat oh r = El. 
= (Fus = Vie, cosa jig + Vie, sina Es | 
or (^s = R(Rio-Vrer os a ) | 
-7 = F(R -Ver cosa ( pal | 
Thus | 
w= Veiss Te 
E ام وم‎ 
7 : . 3 ms min = 60s یک‎ rn 
m سي‎ 37.1125۸0 "299 13" 9.04. (o1) m* ma mà aq | 
à) انیو‎ nad pr 57.7 جهم‎ "m 
> — 


Treat ihe e^o Puts cach Peggle as moung without Air غو ۍوهڼیېځی زور‎ : 


M; يه‎ op a LS رغه سد‎ 


e b T. At Amar, Vy "0,50 f m : fhair time H 28. 
E —* L= 2t Vag = yeh ae = Eurer ند‎ 


L= Barte an (Pn sens 30? — دول‎ b opa go * 23.4 


جوم aff‏ 
ia‏ کن 720( = 55 )7,02 - پو FF‏ = ړرۍ// موا ۽ Jaun‏ = لا کچ رې = Raprasy‏ 
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Problem ( 3 [4] 


Open-Ended Problem Statement: W hen a garden hose is used to fill a bucket, water in the 
bucket may develop a swirling motion. Why does this happen? How could the amount of 
swirl be calculated approximately? 


Discussion: Frequently when filling a bucket the hose is held so that the water stream entering the 
bucket is not vertical, If, in addition, the water stream is off-center in the bucket, then flow 
entering the bucket has a tangential component of velocity, a swirl component. 

The tangential component of the water velocity entering the bucket has a moment-of-momentum 

(swirl) with respect to a control volume drawn around the stationary bucket. This entering swirl 

can only be reduced by a torque acting to oppose it. Viscous forces among fluid layers will tend to | 

transfer swirl to other layers so that eventually all of the water in the bucket has a swirling motion. 

Swirl in the bucket may be influenced by viscosity. The swirl may tend to nearly a rigid-body 

motion to minimize viscous forces between annular layers of water in the bucket. The rigid-body 

motion assumption may be a reasonable model to calculate the total angular momentum (moment- 
of-momentum) of the water in the bucket. 
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id 


[4] Part 1/2 


Problem *4.194 


Given; Nozzle ملا تخه‎ rutating steadily, as shown in the Sketch, 


Find: (A) Torque regasred h drive the nozzle assembly 
(6) Reaction torgues at the flange. 


Soft fan: Apply the moment of momentum eguation to the tating CV 
: afk) 
Basic £quabion: اب‎ J = 
Pak, + ۸ fF g. rav + Tahar 


n5) z0f1)‏ زج ۍو 
x (aix) sana 72i Pau P OV dos -— i‏ $2 وی × 225[ Ed Fa‏ 


Assumptions! (1) tee Tz c, lFügnresent all torques Acting 5e) time. ev 
[^ Neglect tswuus dive Yo dody force 
6) lonstant angular speed 
(4) Neglect mass of arm anparo to water feas اه‎ 
(E) Steaoy fle w CV 


(6) Neglect noggíe length و عقېست‎ ty L 
(7) P iaar وس‎ V, So Fa s ٥ 
Than 5 
Ta ul ۳۰ ads Uy, + Deir?) از‎ pa 

Sres To = and F eA (anot + osek], then 

Da = mbane 

Url) * wk “rd = wth sig i) 

aad AF» [3» ê «7)] = 4 (sinet vens k)s خملا‎ Ct) = WL sie cose 4) 
Since Vays = Vp, Gino î + cose R), then 

zig x Vass - Zuk x Voy و + ئم نک‎ Ze یا‎ £n 


Aa ^] Vaya] = ,د )ار‎ 8-7 +d ر(غ‎ ZL4 yan = Zu لیا‎ 8 k 


+ Zable, snd هدم‎ )-( 


http://librosysolucionarios.net 


- 


[4] Part 2/2 


Mx 


Problem *4.194 


and introducing dV- = Adit,‏ و شا د ښ ود 


£z. «| Czw sae coss? - wit sine cosg + Zu Ly si^ È ( هم‎ dE 


à 53. A 
A - UE sro se 2 9 LU, smok هم(‎ 
The shat! torque needed h manta steady rotation of the assembly 45 
Taharet * Tay, = oL Ve sino pA “LA دم ونی‎ = PQ وکا نه‎ 


= 999 يه‎ e 1S nis هت‎ cer. Uo gym v (0.5) ۳ pagi, mun , Y 


یا 


Tahap = 29.4 Alen 


The reachon mame ma acting on the flaage are 


My — يم‎ "LOL Vo, sinó Cas BA ~ Pri sins ense 


= gos au rm) مد‎ baai ۸ Al 
E Ha EL Bam دی‎ fr gat, un Em 


My = 51.0 Nm [Apple te Fange by Cv) 


Pr, =— Teva = gg نه‎ LT A مد‎ cos e 


= يیو‎ [00 a, iras, es. o | "(os m ğ Nr, e 


My = 0 Alm (applied To Flange by Cv) 


Torques due tg the majia of Loader, tube, همه‎ naogyale musê be 
cons refered in The overall design. 
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za 
ae 


43-38! 30 TIE 3 AA 


i 
3 


Lib E eat 


dc 
* 


Problem 5 [4] Part 1/3 
Given: Branehed Pipe Lurth Sun metrica! legs as shown. | 


Angular mamentam yero ad miet, CV retates urh arm 
A ووغه‎ Tene. qe 
Find: (a) External torque Expression 
(da) Adal لهو وځ‎ torque to pro aduce 
a agua fac عة‎ lena hon ot de 


So / Ern: Apply moment of momentum Y 


éguaton using وه رخ وځ وم‎ Cv. 


; ü = 
Basic equation: _ P am 
Fah +f “feo * en 


2069) 
x^ Pa [a x V Vei tls (ida) ar pay - FA 4۸7 +f Par (ag AA 


Aastemprians:; (1) No surface forces 
(2) Eb, -furcts عع اقم‎ fo bret About Cus mt tru) 
(3) Flow steady io mtatiag frame 
OY F and us Are latar: Ex d 


Th , 
هوي واه‎ + BP] pev 
Ev 


sima be coordinates dbove, m — 1 a tk 


Tran Ê tamat) (upper tube) | 


Vasa * E (cosa kt sad) [upper tube); ¿Aaa 


= 


ards‏ مج« 


El. 


A —- 


Id — ^ L ٤ A 
ه نا‎ ar) a ok rand = -rana c 
= 7 " 

= a. A^ ے‎ AMA. 
وی۷ » لت‎ £u d ona ) seas 


Thus tor the upper tbt, 
Tuan c - ٣کر ار‎ (CR A. rwr lisina $ -wirsinkt J} gdr 
= fieree, ٣ بدا‎ esa, j? و ې‎ E bior Ysni k + t rhum ھم ((-) دهعت‎ ۳ 


Thaf fü guar) "(IR + BE sina tasa E AER nta "m to" sim سه‎ (| | 
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Problem *4.195 [4] Part 2/3 
For the layer tube, «wk هق‎ coke 
P= rūsa -څ‎ sina Û oe tabe) 
ors = 2 casa È -aima p) (tower tube) 


ana و‎ 
DAS = —nmosins ی‎ 
a 
alae) = tok x Cruise f) = ruyisima Ê 
0 = a 1 iL . A 
- ais» Vag = Pu :مور = اا سه‎ 


pee Thus fme the leer tiebe, 


t pow a jJ Intake 5:07 04 1 ya [128 # ار زار‎ sima (-f)T nuts |) gAdr 
i 4 
| = fiersa + rana ea set )ې‎ FE + rey) sita k + r tutura cosa f*] fade 
fa] J 


suat k + 2 Enacosa? Ja‏ فیا sm cosa L AUMS‏ بل lower)‏ وه یو 
Summa these expressions dives |‏ 

EI My ee : ; 

Tahari tota i) “cs. 2L sin PA k 


Thus the Sthtady-state Porton sé the tergum ii 


سنا 


oai EN (E) stata pA Re ع‎ wea aria Ê Sean 
The Adorana! forgue needed tn proved angaia acceleraon, iy دا‎ | 


Thati (acce lere) = هوو‎ Bo i 


Torques o£ maida! tubes about the x andy axe) Are liti: 
nteraailty j These mest bt considered wt design af The fede, 
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Problem 5 [4] 38 


(5) Us هه‎ fixed CV: 


Bas, —— A. 
equation او‎ Fs "Lo Pi grat + Tasa =X 
=0(3) 


"Lo. V die [Poe Veet A 


n 
E 
Mes | Assumptions : (1) Me surface frrees 
Ese (t) Body ع‎ Sip عا‎ (no monent About Axis) 
gt (3) Mo eraage 14 aagudar menie hum writin Ey هبه‎ trane 
MIHI; (4) symmetry jn Tun branches 
nai (5) Unter fow at each cross-section 
Tren Bert = Pet fa RT pR) Arg]. 2 mel) 
T =o A = Lan? ; TETTEST Aa, = wl sinta T 


or * 
L pwd Dana (Sttady - stare rge) 
The 7۶ us quires tor acer lerahon d Tyee = Lu, where rt 
- ri 3 
For ont leg of the breach, i «(r*dm e suia) مر"‎ ds = FAL sinta 


(b) Aegleet mass of Pipe 


for both Sides, لد‎ ۷# UPAL? sus. 
= 
Thus 


. ELA وړ‎ (hue Required fae angular هغه‎ kerahan 
3 | 


The h*ni dhoga that must be py det d "Fi 


+ 3 z 
T* Tis tia” FAR LI sine + ES لھه 7ک‎ 
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[5] Part 1/2 


=o 


Problem *4.196 


Given: Thin Sheet af liquid, of woth, ur and th ick pei, h, Striking 


melined fiat plate, AS shows, 
Meglect ay wiseous effects. 


Find! &) Magartudt aad line af actin <d y E 
of resuitant force GS funcions ES 


of A, 

(e) Equ herin angie ef plate ul. h ; AsuTh 
JF force د/‎ dpahed at Point a, h, 
where yet اام‎ Katee Seu face. 


Solution: Ape ly Cont rni ide , linear mamentussm ۷ 


dnd مع موم‎ af momentu uarng CV And Garo ates Shows, 


tr) 


(2) | 


i» 


oli) 
Basie egueñons | f= AL, مضه‎ +f pun 
sa) 05) =at) 


Ww 
rote? apir] 
Fay + ^ -L vedv rf. مه‎ v dá 
mois) — ناف‎ maf) 


Assumphoas: (i) Steady Flows 
(2) Uniform Flew at each Section 
(3) Ma net pressure forees ; | Fay = En y = Ry 
(9) Mo viscous effects; Ry "0 and Vav e VW * V 
(5) Alegject body fortes »مه‎ targues 
(ط)‎ Taare ٥ 


(7) Incompressible flou, f = Constant 
Then from tantinia ity, 


i= f- lev urh, i] + [Ip Vier ha if +f levurhs If or h,* Arthas ره‎ 
From t momenti 
۵ = tt f- JEVurh, If eni f levarnil] * us هال‎ |} 
د ,اا‎ Vin ld, a =V da = V 
O رح مه‎ 8:08 ha tha) or hg -ha = hame د‎ hanb 
fomivawig Eqs, 1 and d, h,= ۸ زه یا‎ 


haa h( (23798 
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Problem *4.196 [5] Part 2/2 


From y momentum, Ry =0 [- [pvirml] +0 [Ipvern |} + m f (poor 1F 


Y”, = - Vso Y, =0 لا‎ =0 


Ry =p V'urh ose 


Far moment oF Mamet Lom, 


Pek = ÜaV[-Jpvarni] thn flpVerns lf * Gave [Ip Vur hal] 
F'ex't nsU وه‎ As. E. T 
4 2 i 3 
زو‎ --vi E 
سم هم‎ x'Ro E دو‎ ha, f rV = ~ 


Combining and an pang È, 
تو‎ Ry = لس لص‎ ~tpviwhs = Leviw (hi - hg) 


ór pV or fh? ha*) ۴ V*aur (ha *ha Mb 753) 
¿Ey 2 Ry 
Subst واد‎ fam Fos, 3, V and Y, 


x'- 


4 AFI ¡en لړ‎ fain 5. T 
x! . PY Ar A ( E. 7 X = 2 ) x h(-sinB) 
2 با کن دياع‎ cos کے‎ 


x'a -È tano T 


| Mate that x'«8, This means that Ey must bt applied beto poiat 0. 


IF Ry غږ‎ app tied at cent 6, thea x! að. For مځ‎ ۸/١ brim, fram &4.6, الد‎ 
Thus if force کر‎ appa lta at powt ۵, plate ipi bE m gta lideran che | 


joe ددعرم‎ cua lor fa et. | 
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Problem *4.197 5] Part 1/2 
Given: The rotating lawn sprinkler of Example Problem 4.14. i 


(b) What jet angle will provide the maximum area of coverage by the spray? 

(c) Draw a velocity diagram to show the absolute velocity of the water jet leaving the 
nozzle. 

(d) What governs the steady rotational speed of the sprinkler? 

(e) Does the rotational speed of the sprinkler affect the area covered by the spray? 

( How would you estimate the area of coverage? 

(g) For fixed a, what might be done to increase or reduce the area covered by the spray? 


Solution: The results of Example Problem 4.14 were computed assuming steady flow of water 
and constant frictional retarding torque at the sprinkler pivot. 


Tp = KE (Vu cos ~ wh لم‎ 
From these results, 

e و‎ 1 : 
Thus rotational speed of the sprinkler increases as cos Q increases, i.e., as O. decreases. The 
maximum rotational speed occurs when & = 0. Then cos & = 1 and the rotational speed is 


ti = Vere). mu 


Z pag 
For the conditions of Example Problem 4.14 the mirinu rotational speed is 
= 4,47 / _ 0.07) ۸ euo / ODL oos a | 
d S^ 130 exi TT ET SL O Hayes m3 E, 7.58 ع/المم‎ | tru: | 


The steady rotation speed ه‎ of the sprinkler is governed by torque T; and angle a | 


Maximum coverage by the spray occurs when the "carry" of each jet stream is the longest. When 


the stream leaves the sprinkler at B = 45°, as shown in the velocity diagram below. 


Luk 
-> E ue 
vaz 7 Mote VA bs E Vret ~ LUE bg 
{> N A Goth fae mea. an کل ےځرو‎ And aicte fud 
Df Vats Vary Loro) to! 


— 


For @= 0, the relative velocity angle ه‎ and absolute velocity angle Û are equal. Therefore 
maximum carry occurs when a =45° (see graph on next page). 


Any rotation rate w reduces the magnitude Vas and increases the angle D of the absolute velocity 
leaving the sprinkler jet. When œ> 0, then $ > مه‎ so for maximum carry Q must be less than 45°. 
Consequently rotation reduces the carry of the stream and the area of coverage; at specified ot the 
area of coverage decreases with increasing ©. 

For ihe conditions of Example Problem 4.14 (® = 30 rpm), optimum carry occurs at a 42°, and 
the coverage area is reduced from approximately 20 m? with a fixed sprinkler to 15 m^ with 30 rpm 
rotation. If the rotation speed is increased (by decreasing pivot friction or decreasing nozzle angle 
,ره‎ coverage area may be reduced still further, to 9 m? or less. 


Aw 7 
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Find: (a) Jet angle a for maximum speed of rotation. 


‘aerodynamic drag on the stream is neglected, maximum carry occurs when the absolute velocity of 


E 
E 
a 
E 
E] 
m, 
۸ 


[5] Part 2/2 - 


74.8 
1.17 


A (m?) | 
0.00 : 
0.349 | 
1.35 
2.84 
4.61 
6.39 i 
7.90 
8.90 
9.23 
8.83 
7.72 
6.08 | 
4.15 
2.269 
0.785 
0.037 


Xmax (m) 
0.00 
0.333 
0.654 
0.951 
1.21 
1.43 
1.59 
1.68 
1.71 
1.68 
1.57 
1.39 
1.15 
0.850 
0.500 
0.109 


Problem *4.197 


Analysis of Ground Área Covered by Rotating Lawn Sprinkler: 


Variables: A = ground area covered by spray stream 
X = ground distance reached by spray stream 
a = angle of jet above ground plane 
B = angle of absolute velocity above ground plane 


Input Data: R= 0.50 m 
Vi = 4.97 ms {Q = 7.5 L/min) 
Results: 

o (rpm) = 0 30 
of (ms) = 0 0.471 
a (deg) Xmax (m)  A(m) Xm (m) 2) 
0 0.00 0.00 0.00 0.00 
5 0.437 0.601 0.396 0.492 
10 0.861 2.33 0.778 1.90 
15 1.26 4.98 1.14 4.05 
20 1.62 8.23 1.46 6.65 
25 1.93 11.7 1.73 9.37 
30 2.18 14.8 1.94 11.8 
35 2.37 17.6 2.09 13.8 
40 2,48 19.3 2.17 14.8 
45 2.52 19.9 2.18 14.9 
50 2.48 19.3 2.11 14.0 
55 2.37 17.6 1.97 12.3 
60 2.18 14.9 1.77 9.81 
65 1.93 11.7 1.50 7.03 
70 1.62 8.23 147 4.30 
75 1.26 4.98 0.798 2.00 
78 1.02 3.30 0.557 0.975 
80 0.861 2.33 0.391 0.480 
85 0.437 0.601 -0.04 0.00 

90 0.00 0,00 


Coverage Área vs. Jet Angle 


= 
E 
" 
g 
o 
t 
3 
E 
à 


O0 10 20 30 40 50 60 70 80 9 10 20 30 40 50 60 
Jet angle, a (deg) 


Jet angle, a (deg) 
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onan National " Brand 


Problem 8 [2] 
1 Pu = Zook ۴ (aes 
Ta = 345 K 

Ve = ILF mis 


Gwen: Compressor, m = 1.0 kals pé E 
-ګم‎ 


mt dà kJ ]ka 


٨ سا‎ = ia 
پر‎ Es 


پو K‏ زرو 
y, 9 78 mls‏ 


Find: user Pegi Eo, 


Soltión: Appiy first facu of thermody na mies , using Cv Shawn. 
= په‎ wots) روو«‎ 


oe. 4 = lus و-‎ = - Epa + je + pr) لا‎ 4d 


Assam: (1) legen, =0 
CD Seody Flow l 
3) Uno نات‎ dé cach section 


(4) Aeg وت‎ o} 
(5) Ideas gas, P=fET, Ah = له لهو هد‎ 
(6) Fam combine neu, P, mmy s (mm 

Then . : A 1200 cO) | 
an دا‎ aft + r3j- * pu) fos) "mv E + Qro irl] 


Note that h= + PU, and à =m s0 
.3 EI 
EN ; SV; da \_ [wv ١ و‎ 
سي رر سا‎ h(E th -28)- [v نس‎ g] 


ar 
Win = 10 ka || 057-2۳ ar A زان اس‎ 
3 2 gi Egem JIDon M : m 


+ noo 7 (Sus -287) i _ Cas) ri 
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Problem 9 [3] 


4.199 Compressed air is stored in a pressure bottle with a vol- 
ume of 0.5 m?, at 20 MPa and 60°C. At a certain instant a valve is 
opened and mass flows from the bottle at m= 0.05 kg/s. Find the 
rate of change of temperature in the bottle at this instant. 


Given: Compressed air bottle 
Find: Rate of temperature change 
Solution: 
Basic equations: Continuity; First Law of Thermodynamics for a CV 

0 5 5 . . s : ð 1 V^ E 5 = 
= av + | pV-dA=0 Q-W, = Wehear — Wother =>] epdv «| u+ PU => +82 p\ -dA 
dt ٧۷ CS ot JCV CS 2 


Assumptions: 1) Adiabatic 2) No work 3) Neglect KE 4) Uniform properties at exit 5) Ideal gas 


From continuity a Mcv + Moxit = 0 where Meyit is the mass flow rate at the exit (Note: Software does not allow a dot!) 
Ot 


From the 1st law = al udM +(u+2 moi = u: 0 M|+M: 0 u وا‎ (s ١ د‎ 
Ot P ot ot p 


Hence u-:( —m, + Mc al + um, + E m, - 0 ET - exit P 
( exit) X dr exit exit — d M cp 
dT Mexit'P 
But M = p. Vol so FRA 
m Vol-c,-p 
N kg-K 1 k 
For air cb. prsHÜAdg Sc 8٣ ېږ‎ ٢ p = 2092 
RT 2 2869.N.m (60+ 273)K 3 
m m 
3 2 
Hence 91 = 0.05. 48 x 20x eN x =o x E x ۹ = -0.064.É. 
dt S 2 3 717.4-N.m 209-kg S 
m 0.5-m 
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Problem 4.200 


4.200 A centrifugal water pump with a 0.1-m diameter inlet and 
a 0.1-m diameter discharge pipe has a flow rate of 0.02 m/s. The 
inlet pressure is 0.2 m Hg vacuum and the exit pressure is 240 
kPa. The inlet and outlet sections are located at the same 
elevation. The measured power input is 6.75 kW. Determine the 
pump efficiency. 


Given: Data on centrifugal water pump 
Find: Pump efficiency 
Solution: 
Basic equations: Û — W, — Wyhear — Wother 
EI ma | («+p a VedA 
= = epi 1 UE ست‎ Z) pV + de 
8t Jcy '' ES [ 2 &JI (4.56) 
Ws 
Ap = SGgg p-g Ah n= T 
in 
a 
Available data: D, = 0.1-m Dy = 0.1-m Q = 0.02.— Pip = 6.75:kW 
5 
kg 
p= 10007 SGHg = 13.6 h = —0.2-m Pp = 240-kPa 
m 


Assumptions: 1) Adiabatic 2) Only shaft work 3) Steady 4) Neglect Au 5) Az = 0 6) Incompressible 7) Uniform flow 


2 2 
V1 V2 


Then -W, = | P1 V1 + > 1 rate) H paa t= (Mate) 


Since Mrate = PQ and V4 = V5 (from continuity) 


-W, = p-Qu(P2:V2 - P11) = Q(pa - P1) 


W, = Q-(P1 = P2) W, = —5.33kW The negative sign indicates work in 
[Ws 

n= س‎ y= 79.0% 
Pin 
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Problem 4.201 [22 


Fi E 


Gen: Turbine gerahing on wader, 


Find: Fressare drop aeress deerbrne 


Solution: ADO continuity, energy Eguatori, هدک‎ CV هبای‎ 


Basic — je : 1 pa “J £V 


Pdl E sani eo(&) rata) 


d- Ws sioe: سر با ول‎ A] apdr > | (us V, gj" pu) eV ih 
es? A 


Steaek, fiou‏ )1( :دمه #ه مت کۀ۵ 
Unitario atu a+ each Section‏ )@ 
press ite Y/cuy‏ :7.0۰ )& 


ĉn áo 
5) Wiar "O Sy Chore of CV j Wotiar =O 
(b) Alegiect Ata 
(7) Negirct 43 
OQ. ومن و‎ TES FIFA, |} ar We =v Br E M E) 
anal 
دس‎ = (E + بپ اد‎ Es par EVA] 
-us = مپس سن‎ = f/f] r 
dr 
bu =p) E] = e الم‎ 
But v= E = iki CIT = F.94 m/s dno Ws = Whe a 60 ku! 


DR (edi) Mn at ad "ETE ie [1-0 لب‎ Sages 


kPa‏ 75,4 و یط بط 
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Problem 4.202 فا‎ 


Given; Compressor operating at conditions Shown A = 7٥2 ها عم‎ 


m= 20 bey 
= 
p= It para. Vz = 555 fe 
E 
T = Fo Wi, = 3200 hp 
Vo G qe Fuld 15 d, 


å 


Find: Heat transfer, in Bra fbm. 
Solution: Apply energy equator وځ‎ CV Shousa. 


Basi equations ; p=pET, 44 = COAT 
Biz) zA] al zof£) 


2 A ٣۳ ۰ مو ۍو‎ 
d - Wa — Kear ler اي‎ epee + دوو لاو‎ ait 


Assumptions: (1) Ideat gas, constant speufee heat 
@) سو وا‎ - by choice at CV: Writer = 0 
E) Steady Flow | 
(e Un fern lot dt Each Section 
E) wegrect 43 
7 (6) .سا‎ 
Dy defina hon he ut Pr, ډک‎ 


ù à at اوهد‎ E Vi | 
و و‎ Yol] ene Vf imi «| v + o 0-72] 


or 
سا‎ wee ee 
dm? xc 8+ Ba GT 


Mobing ls صډ که‎ 9 hp, sa 


he, Orta BU x (500-0 J}‏ ړل غږ 2208p, ES‏ - ے کے 
a yr? * i‏ 


,6G 00) ya fa“ SL ru 
a FF "dg A 32.٤ امد‎ TIE Fee 


Gu ibm‏ 3چ 7— يی 


د _ سی اا ې 
Therefore heat transfer /5 dut af eV, since da fal, 20. The tate of‏ 
heat transfer 15‏ 


à - 73:31 20 bm. — پر‎ Bl 
An) > 
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Problem 4.203 [2l== 


Given: Feu through turbamachine shown, Fluid مه ده‎ 
m= 0,8 kg د/‎ 
T, وح د‎ ٨ 


$, =/01 kA labs) 


 -—— 
V, =0 Grom atmosphere) ۸ "1 


Find: Shaft wore interaction with Surreune ings, 
Solution ,' Apply Sergey cotta ten, using EV Show. 


Bas. equations I =PRT, 44 = AT 
ته يې ته چا ( شوه‎ = 20 bs 


A- Ww, - Wetrear Yosser x Epa +S Gp Y qe. da 


Assumptions: (i) Ideal gas, constant م۸ هند‎ heat 
O) سیا‎ =O Sy Chesne Of CU; Vogue =O 
Œ) Steacty How 
(e) Un eren Toud at each secéron 
(52 A&g/ect AZ 
(4) ۷ *0 
(7) £ eo 

By def mron h = utp, so 


qe 


-We = Chit Fel} * (but Y اښ(‎ ml BD 
e 
ar 1 - E a E] 
واا رو ري‎ + VE) الاو ود ان‎ 


ga rack Cto- FPR‏ 0-8 ې 
e E‏ 


Good گے کے‎ _ [kW 
دي‎ pm "a9 Am hk 


“Wis = 76.0 kw or bs * — Foo ku 


H ^ 
f Power (LA prio CV because Wa > ر ت‎ 
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Problem 4.204 [3] 


4.204 All major harbors are equipped with fire boats for extin- 
guishing ship fires. A 3-in. diameter hose is attached to the dis- 
charge of a 15-hp pump on such a boat. The nozzle attached to the 
end of the hose has a diameter of | in. If the nozzle discharge is 
held 10 ft above the surface of the water, determine the volume 
flow rate through the nozzle, the maximum height to which the 
water will rise, and the force on the boat if the water jet is directed 
horizontally over the stern. 


Given: Data on fire boat hose system 
Find: Volume flow rate of nozzle; Maximum water height; Force on boat 
Solution: 


Basic equation: First Law of Thermodynamics for a CV 


"m 9 y? 2 
Q- W, 2-2 و‎ - Wother = xl. م٣‎ 1 + put m + up? -dA 


Assumptions: 1) Neglect losses 2) No work 3) Neglect KE at 1 4) Uniform properties at exit 5) Incompressible 6) pat, at 1 and 2 


2 
۷ 
2 
Hence for CV (a) -W, = د‎ +82) |'Moyit Mexit = 9 Vy A» where Mexit is mass flow rate (Note: 
Software cannot render a dot!) 
Hence, for V; (to get the flow rate) we need to solve (va! + en) p-V)A) = -W, X which is a cubic for V}! 
To solve this we could ignore the gravity term, solve for velocity, and then check that the gravity term is in fact minor. 
Alternatively we could manually iterate, or use a calculator or Excel, to solve. The answer is V, = 114— 
5 
2 
l 02 om )1 Y te 
Hence the flow rate is Q = Vy A = Vy Q = 114-— x — x | —-ft Q = 0.622 — Q = 279 gpm 
4 s 4 12 5 
To find Zmax, use the first law again to (to CV (b)) to get “W, = 82 mar Pexit 
550. ft-lbf j : 
W W EN ER ft lug-f 
Zmax ^ 7 و‎ € foo Seip ee — — — —X ٢ Zmax = 212ft 
g'Mexit gpQ 1-hp 32.2-ft  1.94-slug 0.622-ft? bf 
For the force in the x direction when jet is horizontal we need x momentum 
: ې‎ 
F, = Fy + Fg = =< | upa¥ + [ u pV - dA 
z ه‎ — gt JCV CS 
Then Ry = u (PVA) + uz (P-V A5) = 0060 Ry = p-Q:V) 
3 2 
1 ft ft lbf- 
Re = 194.258 x 9,622. — x 114-5 x > R, = 1381bf 
کې‎ 5 s  slug-ft 
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Problem 4.205 )3 سا‎ 
o W-3mj/s 


Given: Pump system as Shown. 


|A (70 kPa (gage) 
|A 502m 
x d h = iw 


7] puma = 075 


Find! Auber required | 1 


| وهخ لتوک‎ Reply Arst law do CV shown, noting that flow Civers 
wth negligible velocity at sect wn ©. 


Base equation: anti ati وب‎ 
å- saê > fanear ae 7 El, apdr- + [te + ۷۰م زک‎ da 
Assumptions: (I) Visier = Wether =O e=ur +95 
(2) Steady feu 
(3) Y «a 
ښخ‎ 3,0 


(5) à =0(9age) | 
(c) Lila سم‎ FÎ Fiat At darch weth 


(7) Incompressióbie fico; VA, = WA 
Then wol مت‎ ۳۹ 
: — Ws = (u, 2 a Ep) + (ust MI, ٢ t ie] 
ûr 
| 


- Ws = ml t: * W +93. + (us =4, -£ ) 


Obtain dhe idea] or miniopum power input by neglecting thermal effects, 
Thes 
a ; Pi يې‎ 
= Wy idea = ml Fe T لوو‎ 


For the system, 


ma MA 2 ER, mE (0.05 m"a j3.2 ka در‎ 
Zn 1 


dana 
* ۴ J À .- سار‎ 3 
= à zk Jawn ML ¿aim? Nos ,ېت‎ Bim dm Aes 
Wi ideas 7 " d j mi dM ks ++ 3x kg «n * s— CET 
Wis uta! = 70560 Nom Ks TESE kw | 
E: IO AJ - m 
Fine ll 


: Ma, i سا‎ 2 
Ws actua) m AURAL y LEEN ET 
EY 
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Problem *4.206 [4] Part 1/2 
Gwen: Hencopter = type crate hovering .لا لے‎ ۳ D=| 


Mass, At = Soo kg 


NUNES 
AS&tuame Gimasganeri, risu re 1 | 
at gutlek Ae treat هه د ده‎ | 
ANTI, RS f foc, | i 
Assume Ai^ کر‎ at stancard Gone: tions, 
EER 
Find: tay Speed of air leaving crave. 
(b) ۳۶ وی وټ‎ Power required. 


Saluton: Use ner da | CV and Coord mates اد‎ Aso 
COnfeduniYt aad moment te determine Vi, ther 
Apoty entra te And comer. 


Basic equations ; j «PÊT j Ah = Go AT j Ee Vg = constant 
oct) 


= ل‎ pde Jj م‎ 
soft) cv 


ET + fa = E ur لق 01 الم‎ 
ey Es 


Assumoten3 (1) Air 15 aa ideal Jas, Cp = constant 
(2) Stefan, Foca 
(3) Incomapress bie Y docu l "3 
G) Underm flew at each section 


(5) Un tg areas urê ûk Alet ; Fay = atm - b.) A, =" Big A, 
Thea 
SE g (arsi y 0 لم‎ faz “مر وا‎ 
f ET mi EA. m "IPK 


and Hmm Continuity 
Zn 
o = [- pad] epe] شم مخ‎ AD or v, = (o) 
Abu) A= TA - Ico». m*.gssm 
Hat E latas = E [faa - (3.0) ]m* = 1.08 m* 
Prom mMameniieomn 


A m Dal 


t == Y n = د‎ end UA, "UA 
P94 Ma = VW, اح‎ = 
Py ' “3 سټ ا‎ nite ت1‎ Ay O 7 V 


T‏ و 


Problem *4.206 [4] Part 2/2 
For stéady, incompresi¢ble fow torthouwt Trichen, اق‎ à streamint 
from armas ohere - 7 Bernie د‎ gives, neglecting dz 


¿ED 
E وف په مد وسلا و ځو‎ 


lisina bo rina y, Pig A, 2 -iev^a, = ELA A -aa de 
Subst دع‎ nta The magea turn Eg ie atog Ano sia dort naci fer, 


-— i i po i بل‎ de _ Airy ^ 0 ۱ 
i f A, ورون‎ AULA (1 - v >= ALI) or ma “PA (dd) 
zm Thus 


EET i i 
a 1500 kg, ۶ ص‎ , art rr x 
بد‎ Mu eiu تش‎ SUE EN -|' k3 E EP re {j= Ibm = 050 mis Va 


Basi dica EET imus. dg د‎ 


QT Ms = 


Sethe 
دی‎ = ther i: x له مامت‎ ur pic, V سور‎ 
قر ااا‎ assumproas: (6) Wshear = Woather =0 


E pr =constant 
(T) Megiect Az 
(hen 


| “Wes = Gut Y E-a} + (eR Oo] -å 
- We = rm په‎ 4- (ur Ê, 


phon ma rm 


The fern (us - iL, “a. Mere se ars Aan meenanitar energu . TAE : 
عا‎ Kr ¿vota be Ata rag iles The On mecaaddud 
Ede Gay m je Thu 


Sea OS cag [dtr] teo] 


-WL aA ki i * (au 5) ma ES ELLA 

[ithe Egon "arm‏ و € ووو - سر :وي 

kw (Úmpur) L^‏ 29 وب )oun‏ ونا 
کڪ يھ E‏ 


— —— E EEE 
The power required tor he verrig a حم‎ CÓ Xv tende! be } 
greater due to iow estes 


y Peruana Cereri ac che 
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a 


Problem 4.207 [4] Part 1/2 


Given; Liguo flow m à wide, horizontal open channel, as shown. | 


پټ 


Fano; (A) Show that m genera), D, = Dr / + "a -] 
i 


(6) change sa mechanical Energy Across hydraulic jump, 
(cd) Temperature cise IF وو‎ heat transfer. 


de tion: deg font iat fas , x component sé momentum, and energy 
éguatians “sing CV Shawn, 


Basic equations: Û = EL pow +f ۶م‎ 
-a) "ocn 
Fy is - IN wpa +f لن‎ 
254) =a) "ota mati) 
d - fa - tene - ser EL epa + (er pu) pV: dá ; 
Assumgtions: (/) Steady Fides = ut Pn 


(2) Entompress ide ري واک‎ y | 
(3) Li farra Flown AT tach section 
de) adros tatic و يو‎ distribution at sections (QJ), D, 
do p=pg.(D-3 
(5) legal oe tores, Fe, ón cw 
(e Q =a 
(7) Wy = Watear * Keer =O 5. 
(3) Fay =o, Since chanel is horiganta) 
From tontiniaibiy, 


o =f- jeva, I] * fleas IF = -PV urb, + PU iD, + V D, وپل‎ 
From ecg 
پد‎ = Pj د‎ wo, - Pg Pe ur Dy = Y وچ‎ if * V, [lerda 
Via io AE! یسه‎ 
Ayarestatic forces Vi, = V, ۳ =y 


f (0, + 4X00) = Vi 2 (aH) 
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[E 


HLS 
de? JOJ GHEE] »هبلاط‎ 


: ap 
Kê j an 
2 


53 REE 


| 


Ph 


سی 


وم یه 


Problem 7 
Thus 32: (i+ 


فص 


2 uy! A 
sina the quadratic equation, 


O AO ne wr 
ايت‎ im] ar t 7 * aD, i 


far Da‏ ومن اوک 


- ن‎ Ee epus — SUM 
28 mx Ly = 


L- 5 Sm 
v, 


[4] Part 2/2 


i 
r El mag Se ("E 2-4 


Fram the energy equation, مت‎ Énah = V +33 +È, and dA = ud, 
the mec háanicaf EEE فع ر‎ are po 


met, » [TV + وو‎ e ودس ام[ دوه وم ځ‎ (E +90, Miera, 
Ada 
Amef = mef, -mef, fe z 


Pegin- -2,]g vier D, , since WD VD 
Thus ۵۵۶ [e tr zg (7 22] 


f= 4 ے لال زی ورو‎ Amet 
iz ie ena وې و لد سي‎ em] ut 1.89 Nm kd | ai 
Fror the FERE e Uy equation, 


0 slu + + وو‎ + ¿rro enmt) 


tlut ا‎ 2; raeg (o-a) Jf 1E ura i 
ar 
j = (a, = jm + Amef 
This 


uy “lk, = Cy CT ( = amet 
A mek " Kk seal 
ar9 onec cci ع‎ 


mJ 
DEA! ے‎ po Tic AT 
kg liar gy T 


 — —S 
[ This small Em agra tlie re change wiiee &c Almost vnfassible Zn medsin E [ 
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| هو 


Problem 5.1 


Caen. پک صامل‎ Eos Ns ¿Lea melo 


are Rosie Ruso dame senos 2 CS compres‏ دلاو ونا 


Das coses 


RUE Ara Pe oA, es LALOR wy AK ERR لس‎ 


= SO = اه‎ 


l ` 2 a 
Bosu eq paños, AM Se ay RN * 22 * akt O 


A سوک‎ LenS a (ao - E Sos s = N x SS 3i ^ oe 
tes “Anconpre ss Soke Sus 


66 


= XL. 2X wa 
TT S . $9 ah >, ETON A 


=O کا‎ CE LET OC 


دحل موه — 


£0 ی- وا lc‏ ج ته ې 
scs S can‏ 


EEN د‎ (24-208 EN 28 
ub E = Leo s مو‎ pose Whe, 


> ex E 
Ed 5 w REA + zu + RI 20) O 
So pose We 
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CANS. 


NE ay 


S 


os ate ته‎ 


Je Ex Sta) 


U= SN A 
We - ES 


Kan 


و 


A 


n 


[2] 


122 3 4 
w(x,y,Z,t) = 53 Uu +X ‘¥ 


7 هتت 4 
07 


INCOMPRESSIBLE 


w(x,y,z,t) = i 5n) 


9 w(x,y,z,t) > aleae = id 
Oz 


INCOMPRESSIBLE 

2 
w(x,y,Z,t) = -2-xz+y +z 
0 
—w(x,y,z,t) > 1-2-x 
07 


INCOMPRESSIBLE 


Problem 5.2 


5.2 Which of the following sets of equations represent possible 
three-dimensional incompressible flow cases? 


a. u = y? + 2x0 = —2yz + xyz; w = 172 + Py 
b. u = xyzt; v = —xyzt; w = (212 Mat” — yt) 
C.U= Xx tytzZ;Uu-—7x-—yctzzw 2x +y tz 
Given: Velocity fields 
Find: Which are 3D incompressible 
Solution: 
Basic equation: + 2, + gy -0 


OX Oy Oz 


v(x,y,Z,t) = —2-y-z+ xyes 


2 (x, y,2,t) > وو‎ 27 


oy 
m LR pu - 0 
ôx Oy Oz 


V(x,y,z,t) = RIT 


D (x, y,2,t) > ag 
oy 

9 واا‎ 0 V4 0 W - 0 
Ox Oy Oz 


V(X,y,.z,t =x-yt+z 


8 x.y 2,0) >-1 


oy 
a pato ٨-٧ - 0 
ôx Oy Oz 


http://librosysolucionarios.net 


Assumption: Incompressible flow 


u(x, y,Z,t) = y+ 27 
0 
—u(x,y,z,t) >2:z 


OX 


Hence 
u(x,y,z,t) = xyzt 


2 ux,y,z,0 > tyz 


Ox 
Hence 

2 2 
u(x,y,z,t =x +y+z 


B w(x,y,7,1) > 2x 
OX 


Hence 


a) 


b) 


: 


Problem 3 [1] 


Given: Ve loc hy field u= Ax + By * 63 
w= Dx + Ey + Fy 
W= Gx + Hy + چک‎ 


Find: The retanenship Among coefficients A {hra J for {huk 
to be an incompressible How Yee. 


Solution: Flow must saristy مل‎ ۶ ۸6. farm of Continuity. 


: Ze Ope , ofr , 2L , 2 
A : + = 
Sas: equation == + Sy 93 + =0 


Assumption: Incompress ble flows ر‎ So 2 = 


Then لاد هغه‎ our = 
ex P T 23 0 


: 1 ei 
For the Given Hom held , = =A 4 25 = E 3 


A+E+JT =O, and 


8,C,D,/7, 6, H are arbitrary 
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[2] 


Problem 5.4 


5.4 Fora flow in the xy plane, the x component of velocity is gi- 
ven by u = Ax(y — B), where A = 1 ft! «s^ !, B = 6 ft, and x and 
y are measured in feet. Find a possible y component for steady, 
incompressible flow. Is it also valid for unsteady, incompressible 
flow? Why? How many y components are possible? 


Given: x component of velocity 
Find: y component for incompressible flow; Valid for unsteady?; How many y components? 
Solution: 


Basic equation: B (p-u) + 2 (p-v) + 5 (p-w) + 0 p=0 
OX Oy 07 ot 


Assumption: Incompressible flow; flow in x-y plane 


Hence 8 49. -0 or g v= 0 u= 0 [A-x-(y- B)] = -A-(y-B) 
Ox oy oy Ox Ox 
2 
Integrating v(x,y) =-| A-(y-B)dy=-A- T - B-y | + f(x) 


This basic equation is valid for steady and unsteady flow (t is not explicit) 


There are an infinite number of solutions, since f(x) can be any function of x. The simplest is f(x) = 0 


2 2 
v(x,y) = AE a s v(x,y) = &y- T 
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[2] 


Problem 5.5 


5.5 For a flow in the xy plane, the x component of velocity is 
given by u = x? — 3xy?. Determine a possible y component for 
steady, incompressible flow. Is it also valid for unsteady, incom- 
pressible flow? Why? How many possible y components are there? 


Given: x component of velocity 
Find: y component for incompressible flow; Valid for unsteady? How many y components? 
Solution: 


Basic equation: 9 (p-u) 4 0 (p-v) 4 d (p-w) 4 a p =0 
Ox Oy 07 Ot 


Assumption: Incompressible flow; flow in x-y plane 


Hence 9 app uy -0 or B v= d u= g P sey) = adds uy 
Ox oy Oy Ox Ox 
: 2 2 2 3 
Integrating v(x,y) = | (3.x -3y Jay 3. y+y +f(x) 


This basic equation is valid for steady and unsteady flow (t is not explicit) 


There are an infinite number of solutions, since f(x) can be any function of x. The simplestisf(x)=0 v(x,y) = y — 3 y 
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Problem 6 [2] 


Guen: SLeody : compressible Suo Gk هه‎ Qo Ma Qure 


8 Mos DEN I LomRone AL of woe, geen VA 
apt XA x 3$ aunar We LE and A ٣ S ve NS 


VAS e sh y convene. cC adot Cox As Ro GAN. 
ANEN 

3 رد‎ e cons, sapo zT Qe cosa ene ayes 

i Bose epi, i Se UA CO 


288 Tor Sroda Sos x= =O GNÅ Kx مه‎ A 1] Be oan NR: 
€ پل‎ Rone, کک‎ Sua Se oe: eq ios reduces کټ‎ 
= me a یچ‎ 
t cae 
ee ee ee ys E 
wr aM SEE 7o 
anà 
Ke Sng A tergore. e SEEN چا‎ hear TE qu TP 
he 
WT = e 
3 
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D1[1[Ór À àóéó Ly IA DOE LL ccc‏ ص ا 


[2] 


Tac? E 7 + Axy2-y| 


Problem 5.7 


5.7 The y component of velocity in a steady, incompressible 
۰ . . 2 2 
flow field in the xy plane is v Axy(y^ —x^) where A 2 
—3 = . . . 
m ?« s^! and x and y are measured in meters. Find the simplest x 


component of velocity for this flow field. 


Given: y component of velocity 
Find: x component for incompressible flow; Simplest x components? 
Solution: 


Basic equation: 9 (p-u) 4 9 (p-v) 4 d (p-w) 4 E p=0 
OX Oy Oz Ot 


Assumption: Incompressible flow; flow in x-y plane 


Hence 2, oy =0 or B u= 3 v= E Ie m] 
Ox oy Ox Oy 
R 2 3 3 22 1 4 
Integrating u(x,) =-| A43 xy -xjdx- Rise “y + Jax + f(y) 


This basic equation is valid for steady and unsteady flow (t is not explicit) 


There are an infinite number of solutions, since f(y) can be any function of y. The simplest is f(y) = 0 


2 


1 1 
u(x, y) = AR = Ay u(x,y) = Sa Bix" 
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[2] 


Problem 5.8 


5.8 The x component of velocity in a steady incompressible flow 
field in the xy plane is u Ae"? cos( y/b), where A = 10 m/s, b 

5 m, and x and y are measured in meters. Find the simplest y com- 
ponent of velocity for this flow field. 


Given: x component of velocity 
Find: y component for incompressible flow; Valid for unsteady? How many y components? 
Solution: 


Basic equation: a (p-u) 4 E (p-v) + 2 (p-w) + 0 p=0 
Ox Oy Oz Ot 


Assumption: Incompressible flow; flow in x-y plane E 
Hence 9. nm = or ð ۷ = 0 u = 0 ae? cos Z) اس خو‎ m 
Ox dy Oy Ox Ox b b 
x x 
hee 2 
Integrating v(x,y) = — #6? coe Z) dy = ٢ 2) + f(x) 


This basic equation is valid for steady and unsteady flow (t is not explicit) 


There are an infinite number of solutions, since f(x) can be any function of x. The simplest is f(x) = 0 


x X 


v(x,y) = E v(x.y) = REL 
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Problem 9 


5.9 The y component of velocity in a steady incompressible flow 
field in the xy plane is 
2xy 
0 - 


PUT i 
(x2 + y2)* 


Show that the simplest expression for the x component of velocity is 


1 2y? 
b= a a T, 1 
(we ty") (12+y) 
Given: y component of velocity 
Find: x component for incompressible flow; Simplest x component 
Solution: 
Basic equation: 2 (p-u) 4 E (p-v) + $ (p-w) + d p=0 
Ox Oy 07 Ot 
Assumption: Incompressible flow; flow in x-y plane 
2 2 
Hence و9‎ -0 or په‎ 0, af zxy ]_ [2xl2-3y) 
Ox ay د‎ E E jf (2 2 
X +y x +y 
2 2 2 
2:x\x -3 - -2 
Integrating u(x,y) = - wl ې‎ | des FRY 5 HE (y) = E = + f(y) 
X +y ) [s +y x + " 
2 
1 2 
uy) = 3540 
LEY x? + y 
1 dy" 


The simplest formis — u(x,y) = 
xy (2 2 
x +y 


Note: Instead of this approach we could have verified that u and v satisfy continuity 


2 
g E: NN 4 9 N >0 However, this does not verify the 
Ox T. n y (2 , yy oy (2 7 yy solution is the simplest 
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Problem 5.10 [2] 


Gen: Approximate Profile fre م6۶‎ boundary layer 


i) 
(eU, 


Find: (A) Show simplest qa = هب‎ z 


(B) Evaluate maximc value of VID where á * E mm, X= 0-7 


Z-D row 
2 ` au ar 
Losic equaton: ax 7 29 “¿no 


A A A 2 
oy ox - CI)beu 


fO)‏ ې a, 7*6) -ficv£, dy ++) = 4 BU ES.‏ ل2 لل ره 


[ fx) =D since 0 along ئ‎ =0 | 


Maximum value occurs 4t G2, At the locaton Given, 


v TT NE Li mF aag 
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olution: Apply tontnuity fre incampressible Flow 


Sis 


[3] 


Problem 5.11 


Given: Laminas boundary layer, (and co HC Aperoximoate profile. 


u Y o. y پس‎ 
U7*Gl-( sac JP 


aus 
& 


if! Voa Jr gs | : 
Fried! Show Dx E -iCgr] for inca mpressible Flora. 


Flot: E vs 2, evaluate Mar. AE x, DAS my pf f= smm. 
Solution: Apply conservation sf mass tar incompressible FID. 


j | =0(2) 
Basie €guaten: 2L ay ار‎ _ 
7 DA d y ? á ۵ 


Assumptions ! (i) Incompress tele flous (p = const) 
dns (2) Ly Db p =o(simpilest) 


ax t Sy ~9 3 Sy 2x 


From the given profile 


au _ Í adL کله‎ asp yy 
2x د‎ 2Uy m) rE 3 vyl 2) ES Fy = ZU 3 ( Fs i 


; See M هده‎ Oe aS EXE 
Since 2€ qx ^s de "iex "x zx د‎ Sx xig? fe 


Inrgrahng, a s Ti yt PE: 
e ان وا واد‎ 


Floíting shes: í MAXIA BELLS 


2 9 
E 
B 
نت‎ 
= 06 
i 
ما‎ 
2 
E 
9 04 
[7] 
سا‎ 
E 
= 02 

0 

0 0.061 0.002 


Dimensioniess velocity, viU (---} 


is Bel Oe 


Evaluating, 3r aut. 0.035 m, —L e 0.0017 ۵۳ OED percent 
Dana 6 à. Sm 
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Problem 5.12 [3]- c 


Given: Appreximechen tor x component of ve locity in laminar bounda | 


layer 
ECTS where § 20x 


” y - 5 f t L : 
How): == La 7 wy Tin 
Sho U TX cs Es = y^G É) i] tor ۸۸١ 72 sire, Flow 


` Plot: KU vs, V/s to locate maximi value of UI; 
Evaluar Gt loca Yien where X BOE m and § = S mmn. 


Solution! ARBLI o'ifferenia.l cont nue iy tr n ٥2م» د که‎ th le Flow. 


, ©0 (2-D flow) 
Basic egua Tz); Qu oy our ٧ل‎ 
EE sx 57 X =O 


Thus = x = - E g s - CEA E Jes =) 2 D " E رس‎ cos E) 
| Integrating, m aca ! 
و‎ ay dy + Fx) p zx E) cos £) dy + fx) 
TY ô 
د‎ EN z2 
د وی‎ ERR f(x) = ¿Y [ns ایم‎ * f x 
b ٥ 


Velocity Components in a 
Laminar Boundary Layer 


el 
1 
bs 
c^ 


‘This exores Sian ک/‎ QA MAKINAN ar و‎ where 


uU : 
تت و‎ = £ E 


and 


At The loca fion Gieta 


ajs | 


1 20,192, 0.009 m, پو سکگت‎ 4.00/f2 pr 0.18% percent 
U Snax l 
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50 SHEETS 5 SQUARE 


47 382 ILJ 5HEEIS. Y SUAE 
47-309 700 SHEETS 5 SQUARE 


42 381 


و 

Pd 
ae 

artna 


Problem 5.13 [3] 


5.13 A useful approximation for the x component of velocity in 
an incompressible laminar boundary layer is a cubic variation 
from u = 0 at the surface (y = 0) to the freestream velocity, ٨ 
at the edge of the boundary layer (y = 0). The equation for the 
profile is WU = à (y/ó) — Kylày, where ô = cx"? and c is a con- 
stant. Derive the ‘simplest expression for v/U, the y component of 
velocity ratio. Plot u/U and v/U versus y/ó, and find the location 
of the maximum value of the ratio v/U. Evaluate the ratio where 
ô = 5 mm and x = 0.5 m. 


Given: Data on boundary layer 
Find: y component of velocity ratio; location of maximum value; plot velocity profiles; evaluate at particular point 
Solution: 


1 3 
25) and 5(x) = ex 


3 y 
SO y) =U =| — = 
nen E Ea 


For incompressible flow 2 y + oy =0 
Ox Oy 
: du 3 i 
Hence v(x,y) =-| —u(x,y dy and کے نے‎ E لاس نر‎ 
dx dx 4 5 3 
3 2 2 
پر‎ Cx 
3 y, e y کې‎ 
50 v(x, == = [is] EG a d 
(x,y) 7 د د و‎ | 
c 
2 4 
3 y y 2 4 
y) == U | —- 3,0 1 
von y) 8 3 5 v(x,y) = —U-— y وتان‎ y 
P = 8 x|L0 2-6 
2 3 2 
CX 2۰.C ۰x 
The maximum occurs at y= ð as seen in the corresponding Excel workbook 
3 8 1 
mS Ox | 2 
V. 


max 


— 0.00188 


At 6 = 5-mm and x = 0.5-m, the maximum vertical velocity is 
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Problem 3 8] 


5.13 A useful approximation for the x component of velocity in 
an incompressible laminar boundary layer is a cubic variation 
from u = 0 at the surface (y — 0) to the freestream velocity, U, 
at the edge of the boundary layer (y = ó). The equation for the 
profile is U = 3 (y/ó) — Ky/ó y, where ô = cx"? and c is a con- 
stant. Derive the simplest expression for v/U, the y component of 
velocity ratio. Plot u/U and v/U versus y/ó, and find the location 
of the maximum value of the ratio v/U. Evaluate the ratio where 
ô = 5mmandx = 0.5 m. 


Given: Data on boundary layer 
Find: y component of velocity ratio; location of maximum value; plot velocity profiles; evaluate at particular point 
Solution: 


Vertical Velocity Distribution In Boundary layer 


y 15 


0.0000 0.0005 0.0010 0.0015 0.0020 


http://librosysolucionarios.net 


[3] 


Problem 4‏ د دد هق 


. l 1 ٢ 
Gwen Vos ۳ Pane A O Mere هی خڅ‎ 5 and 


corno are veas LS S د ود‎ RES 
5 


Find. GS Magi A congona, cuts 
ü AS AER ur NU e cus S 


Má Searles rouge eo ONU LA SS ond (E S 


Soon. Euh nus 


. E ae 
es eq pos. qÊ e په‎ <= Sib de 2 "wu دم لت په‎ A 
د دس پا‎ Dd Aa w Ye c6 ERES Bee X x 
(^ p= تر رر‎ 
Men, aa ے تطوهي‎ OAY 
SP > 7 7 E 


cw 
" Ad Ewa qu 
M 
e EM PROTEST MS Ao V To 
1 = oe لا‎ 
٢ eq pO ARGIS of re Se en ANNES M 


ty‏ تت XA‏ څه که 
په we]‏ څک پلک 


S carck SEG کم‎ f ANN ous 


ے اھ لل پل په 
e‏ په + که چ 


National “Brand‏ سیه 
yi‏ 
VIE‏ 
my‏ 
d :‏ 
e‏ 
HE‏ 
n‏ 


Streamline Plot 


= oe Una = Ane 10 


l‏ د3 
MN = ( Creare 8‏ 
5 لا l‏ 
A SN E = 4 z‏ 
ev UN WM = do E‏ 
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Problem 5.15 


` l 2 + 
Guerra Flow غ‎ SS Doane E ue Btu kere BHO BAS Can 
coord noA Eh are TROLS Ny WEARS 


Ends ed Toss ie 


cd EL ve suk MN ass MC. Hao M Sas 


x SCOPES SN 
EY Muir of pose رت‎ Peris > 
(^ يلم دە کرو‎ MIES Lor Sesh olo. LS. 
Vu. Areas, دا ون‎ ports 0 DAN ond RS 
Saloon à 
A a RES LL . جف‎ “a 
T SO 
DOS هې پا‎ Md Las wx pne SES 


S‏ يي و 
AN p= cond Cases oy‏ 
Kan, 3 j S S t VES EN"‏ 
A‏ س = SAC AUN - zc SN‏ = 


= dy ونو‎ sd CO p 
SE E <q pao som reduca x XX Sa. xw. E v unssady 

Qoo. Mou Xue NS S لن > قا به‎ X Sus. ې‎ 
Nem are an at CATI Tu 


o cebhe co asks . CN 
NS ور د‎ Re Surges XN eas i A Mso. (c 


EAN elo 


-F TG =- ^‏ په 
wat 371‏ د اه Alsa‏ 
E‏ 


Decors MG Was عل‎ a. کہ‎ 


٢ & A 


Streamline Plot 


2 
E 
" 

f 
H 
z 

y im) 
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= We Eq pan of Se Bruce " 


E 
= 
3 
E 
2 
کن‎ 
۸ 


Problem 6 [4] 


Given: Conservation of mass, 


Find: Idenhcal result + Eg, 5. la by expadiag products of density 
and velos ¡my in Tay lor Series, 


Solution: Use diagram of Fig, 5.1: 


Apply tonservathen of mass, using a 
Taylor series expansion of products, 
Evaluate derivates At 0. 


For the x direchon the mass Flux د/‎ 


my =pudA =pudxdy 
Fig. 5.1 Differential control volume in rectangular 


A? the. right face coordinates 
ys de, د‎ pu dad, + 2 pu ويل کا‎ (out of cv) 
dU Sd که چک ده‎ 
At ره‎ left face 
my-dx, = pu dads t2 puC E) dyd3 (info tv) 
The nef mass flux is "مال"‎ manes Ya, So 
ry (net) = ry +key, = ٣-٤ Ej È Pu په‎ dz 


Summing Hems fry X, 4, Arte! 30 and Ife d ird L به‎ cb, we get 


- 2 2 
0X" سم یه‎ t Eun T 
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35335 


O AO 


i 
ووو وا وان‎ 


Problem 5.17 [5] 


Consider a water stream from a jet of an oscillating lawn sprinkler. Describe the 
corresponding pathline and streakline. 


Open-Ended Problem Statement: Consider a water stream from a jet of an oscillating 
lawn sprinkler. Describe the corresponding pathline and streakline. 


Discussion: Refer back to the discussion of streamlines, pathlines, and streaklines in 
Section 2-2. 


Because the sprinkler jet oscillates, this is an unsteady flow. Therefore pathlines and 
streaklines need not coincide. 


A pathline is a line tracing the path of an individual fluid particle. The path of each 
particle is determined by the jet angle and the speed at which the particle leaves the jet. 


Once a particle leaves the jet it is subject to gravity and drag forces. If aerodynamic drag 
were negligible, the path of each particle would be parabolic. The horizontal speed of the 
particle would remain constant throughout its trajectory. The vertical speed would be 
slowed by gravity until reaching peak height, and then it would become increasingly 
negative until the particle strikes the ground. The effect of aerodynamic drag is to reduce 
the particle speed. With drag the particle will not rise as high vertically nor travel as far 
horizontally. At each instant the particle trajectory will be lower and closer to the jet 
compared to the no-friction case. The trajectory after the particle reaches its peak height 
will be steeper than in the no-friction case. 


A streamline is a line drawn in the flow that is tangent everywhere to the velocity vectors 
of the fluid motion. It is difficult to visualize the streamlines for an unsteady flow field 
because they move laterally. However, the streamline pattern may be drawn at an instant. 


A streakline is the locus of the present locations of fluid particles that passed a reference 
point at previous times. As an example, choose the exit of a jet as the reference point. 
Imagine marking particles that pass the jet exit at a given instant and at uniform time 
intervals later. The first particle will travel farthest from the jet exit and on the lowest 
trajectory; the last particle will be located right at the jet exit. The curve joining the 
present positions of the particles will resemble a spiral whose radius increases with 
distance from the jet opening. 
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Problem 5.18 [2] 


Given : Velocity {elds hited below. 
Find: Which are possibre incompressi He {l0 u Cases? 


Solu fion: Apely the continuity equation (n differential Lorm . 
=al!) sexes 


Basic equation : A مل‎ eee, Be TE 


ASsumptons : (1) Two -eimensiona t flew, So 2 =0 
(2) Lncompressible Flow - 


PE ME که مسب کیب د‎ 
f= Ab کر‎ ٥٥ Bt T ده مه ده )د‎ 
Then 
4 ary ah JVs. -5 
f er moe E 
or 
oe ave ٥ /$ the Criterion 
or oc 
, orvr aMe 
E e lel VE Vo 3r = ay + We Possible? 
(a) Ucos& -Usine Ucosd —Ucose 0 Yes 
K 
(e > + PE D ٥ ٥ Yes 
x t 
Œ) Ucose/¡-(2)) مہ رو‎ Dense l »] -uese[ icy] 0 Mes 


۸۸ ۵٤٢ if Vp = cose ۱-21 thea ۳٢۷٢ = Ucesc r=% ] 


And Y = peas [1+ €. ) = Ueosé] +(%)*{ 
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Problem 99 [3] 


5.19 For an incompressible flow in the 70 plane, the r com- 
ponent of velocity is given as V. =—A cos 0/۳. Determine a poss- 
ible 0 component of velocity. How many possible 0 components 


are there? 


Given: r component of velocity 
Find: 0 component for incompressible flow; How many 8 components 
Solution: 


Basic equation: (e-r-v,) | EZ (eve) د‎ (۰۷2) | co =0 
7 


1 
r ro 0 


e 
ar 


Assumption: Incompressible flow; flow in r-0 plane 


Hence 12 ev) + L2 (ve) = oi P _ - (rv,) a o (A0) _ _ A-cos(0) 
r Or r 00 00 ór ôr r 2 
‘ A-sin(@ 
Integrating Vg(r,9 = - n o) do = - an ) + f(r) 
r r 
A-sin(@ 
Vg(r,0) = - X (+ 


There are an infinite number of solutions as f(r) can be any function of r 


 Acsin(0) 


2 
r 


The simplest formis — Vg(r,0) = 
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Problem 0 [2] 


Given; Flow between para llei disks Q5 Shown. سول‎ 


AAA 
Velocrty /5 purely tangentia 1. 3 ) 
Mo ک-‎ Condition ۸ ک‎ Safrsfied, So "V 
velocity Varies linearly with à 73 I nu. E 
سا‎ ge —- 


Find: Expression for velocity field, 
Solution; A genera! Veloci te y Field would be 

V = yê, + Vet, + وا‎ k 
but veloc hy /s ےد ه6‎ lg tangental, 5o W- و‎ =O. Then we 
see le 

= Va lre, 3) 

By symmetry, ale 20, 50 

Vo = Vo lr, à ) 


Since the variation with 3 x linear, Vo =3t(r)+¢ at most, 


that /s 
ول‎ = f(r) 


at most. 
Wong the surface 320, Vo =0, So اه‎ 
Along the surface 3=4, Va = wr, So 


Va (3 =h) =iyr = bhfir) 


or 
fr) = 
ana 
Vo = wr 
Thus = 
V = wr 
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Problem 5.21 
Given ١ Definihen of V ٨ tul indreal و اے ډوه‎ s : 


0۵6 717 7 i] Ca hndrica!) coord nates (Use hint 0n page 169). 


(3.19) 


(Page 169) 


Show result 15 Identical do Eg, 6 


Solution: The definihen of V ja cylindrical Coordinates /s 
aĝ Spela +22 
7 2 + ود * و‎ 
Mofe ۷م‎ =pl vr Wt ky) 
Hint: Dr L8, and 2% = -3, 
ود‎ > ab 
Substituting U-ev ~(6,2,+ +E Š + HE )- P ve +& t EV ) 
— ^ ^ ^ A 
Vie = 62 v (Eve rta M) 
+ &-2 م‎ (êrvr + Fy Va + kv) 


+ hse (E, v- + y+ EV) 


> 


= é.- G2 pe + by 128 eve *é 2 ev 
E + G12 pw + kik k 26% 
à 2 
وه‎ = 2 pur + ده لن لام‎ Sev, 
2 


Combining the Furst tuo Pers, or Pr + Ce > +2 


Viv 


HPY- AS may be 


Verified by ditferenhation. Subs titu tiog 


Viel = pr) +4 Zw) +E (pV) 


his result ys identical To the corresponding deems in Eg. 520. 
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ووو و موه 
E‏ پیاپ بسن 


Problem 5.22 [3] 


5.22 A velocity field in cylindrical coordinates is given as 
/ = e,Alr + égBír, where A and B are constants with dimensions 
of m?/s. Does this represent a possible incompressible flow? 
Sketch the streamline that passes through the point ro | m, 
0 = 90° if A = B = 1 m/s, if A = 1 m/s and B = 0, and if 
B = 1 m/s and A = 0. 


Given: The velocity field 
Find: Whether or not it is a incompressible flow; sketch various streamlines 
Solution: 
۷ 2 V e 
r r 9 1 
For incompressible flow 1, (rV) H td Vg =0 a Vj) - 0 اه‎ - 0 
r dr r de r dr r de 
H d 1d E EP y 
ence . (rV) t—:— Vg = 0 Flow is incompressible 
dr r 0 
For the streamlines B = pde ui e do 
Vr, Vg A B 
1 A A 
=dr= | —d6 Integrating In(r) = —-0 + const 
SO r B B 
A 
p^? 
Equation of streamlines is r = C-e 
(a) For A = B = 1 m/s, passing through point (1m, 70/2) 
por 
2 
r= e ook. 
Sr” >, 
(b) For A= 1 m/s, B = 0 m/s, passing through point (1m, 1/2) 7 X 
۱ / 
9 E I Wea ast 
2 


(c) For A= 0 m/s, B = 1 m?s, passing through point (1m, 70/2) 


r= 1m 


— (ة)‎ 
--- (b) 
=-=. (C) 
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— Problem *5.23 [2] 
Given: Velocity held tor sca جلهمم‎ ic Flow of Example Froblem 7 

X. 4 g ^ 

V = UE [A 


Find: (a) Stream henchon 4 
(6) Locate مهاد‎ line that divides flows rate egua lly, 


Solution; Flow 15 intampressible, so Stream ۴ وم وص‎ can be derived. 


av 3 8 3 
Bs = og ر‎ a p =J یل‎ + fee) Ze dy +10) = UI fex 


Let لا‎ =o at y*09,s5o f(x) =O 


"aai 2h 


Stream anchon is Maximum at Yy =A. 


rax = Zh = Uh = Waar 7 A 

/ - UA Uy > 

EA‏ نه = ییا 
کل ٩ Thus ys zh Uh _ hÈ So eee‏ 
U 4 * yz‏ 
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Problem *5.24 [3] 


“5,24 Determine the family of stream functions y that will yield 


the velocity field V = y(2x + 1) ¿+ [x(x + 1) — تر(‎ 
Given: Velocity field 
Find: Stream function y 
Solution: 
Basic equation: B (p-u) + E (p.v) + B (p-w) + B p=0 u= 8 y v= Lp 
Ox Oy Oz Ot oy Ox 
Assumption: Incompressible flow; flow in x-y plane 
Hence Cees =0 or B [y-(2x + 2)] 4 E E + 1) "d >0 
Ox ôy Ox Oy 
0 2 1 
Hence u=y(2x+1) =p vG.y = | y(2x+1)dy = xy +L +f(x) 
oy 2 
2 0 2 x x 
and v=x(x+1)-y m (x,y) =- [x62 y ax = uoc UE + 8(y) 
ex 3 2 
= y 2 
Comparing these f(x) = -=-= and go) = 
3 2 2 
2 : s v 
The stream function is (x,y) = پل‎ xy -—-— 
2 2. “3 
0 P 2 e e 
Checking u(x,y) = د‎ xy -—-—|ou(x,)-y-2xy 
dy\ 2 2 3 
0 e 2 x x 2 2 
v(x,y) = E: xy ——-——|— v(x,y)-x +x-y 
OxX 2 2 3 
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< 


Problem *5.25 


Given: Stream functhon for an (neampressrble flew fie td, 


Usine D 


» | £ 
Y= Ursin + ae 


Find: @) An expresston for the veloc ity fld. 
(b) Points where [V] =o. 
) Show Y z0 نه‎ ۰ 


Solution: The velocity components are given by 
بل وتا‎ = —veose + E 
و‎ =-L -Usas 

so V - لن‎ t Ve OS = C Ucose + zk )0, + 


U 
Now Ivl = (Vv, + Va”) e =O Only when both V- and Vs are zero. 


UC 


From the Component equations , Vo =0 for ۵ FO, T, When VF =o, 


1 


r= سا‎ 
ar JÜ CoS 


For r>0, then ۷ =ò for G=0, and re £ 


Stagnation pont (CINI =0) occurs at (na) د‎ 


270? 


Substituting , با‎ = -Orsing& + £ s]. 


or 


0- مه هم وه يا 
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Problem *5.26 


*5.26 Does the velocity field of Problem 5.22 represent a possible 
incompressible flow case? If so, evaluate and sketch the stream 
function for the flow. If not, evaluate the rate of change of density 
in the flow field. 


Given: The velocity field 
Find: Whether or not it is a incompressible flow; sketch stream function 
Solution: 
V= A Vo = E 
1 BU 
For incompressible flow £d (ev) +—:— Vg = Ld (rv,) =0 
r dr 0 r dr 
ae MAE Vg = Flow is incompressible 
Hence cid : rd? j 
For the stream function ° y =r V, 5A ab = A0 -«f(r) 
00 
Integrating 2 y =-Vg=-— ap = —B-In(1) + g(0) 
Or 


Comparing, stream functionis «p = A-0 — B-In(r) 
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Problem *5.27 


*5.27 Consider a flow with velocity components u 0, v = 
yy — 32), and w = {2 — 3y?). 
a. Is this a one-, two-, or three-dimensional flow? 
b. Demonstrate whether this is an incompressible or com- 
pressible flow. 
c. If possible, derive a stream function for this flow. 


Given: Velocity field 

Find: Whether it's 1D, 2D or 3D flow; Incompressible or not; Stream function y 

Solution: 

Basic equation: 2 (p-u) + (pv) + n (p-w) + B p=0 v= 2 y w= oy 
Ox Oy OZ Ot Oz 07 


Assumption: Incompressible flow; flow in y-z plane (u = 0) 


Velocity field is a function of y and z only, so is 2D 


Check for incompressible 2, + ow =0 
y 2م‎ 
0 e 3.23) و‎ 3 y -3z g BE sy?) > 3z ay" 
oy 07 
Hence 2, + oy = Flow is INCOMPRESSIBLE 
Oy Oz 
2 2 0 2 2 3 3 
Hence y = y ly -3z uu (yz) -| yly 32%) - y Boyz +f(y) 
7 
2 2 0 2 2 3 3 
and w= zz -3y ) = E v(y.z) = | Be -3y 1 dy--yz +zy +8(2) 
y 
Comparing these f(y) =0 and g(z) = 0 
c 3 3 
The stream function is p(y, z) = zy -zy 
: 0 ( 3 3 ) 3 2 
Checking u(y,Z) = 5 zy -z y) >U(y,z) =y -3yz 
7 


0 3 3 3 2 
w(y,Z) = les 7 y) > W(y,2)=Z -3y wz 
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ټون 


Guen: ۳٢ T R CS os Ness, Nous اگعمې‎ RA by | 
We = LRA- mWa yo ctu dese QNS Vals | 
Tindi tay S cs canes Wed ard Ws le 
ند‎ dsc Seer ai bo oO 
EN Fias de dues MET JETA Passing, rough | 
Yaris Ca 52 ana UR 5 | 
SALON". Cx eR DS NE are. Vanes دا‎ = BER NEU | 
To Uso , O=- 29 DM ox er ER " | 
(Wor دنه‎ Se - پو به‎ ae Qe يچ‎ ER EGS سا یځ-‎ 
ES i 
AL 
A We = as ea 
| سینا‎ Se = = لا“‎ S z 
Sup | 
E: ale a i 
a 
1717 7 
را ېل‎ 
; 17 t EIN | 
ES A S | 
و‎ e, 
TN O 
DW AS 3s 
Me nx ts وس‎ 
هک ې فا‎ NE DUAL "s لا‎ 
= dos 8 ٩ 
GA C Sarda = ( 23 da = 7. ad = Wy Ne = els د‎ 
+= a St خا‎ 
eA uza . ۱ - a ] : j 
Q= el SÓN ( yee EN i Am = تد لاد لا‎ c NS ee 


a 


Problem *5.28 


Vag Q X es per TS m da dh, 
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d 


gd i, 


fir 


à 


Problem *5.29 [3] 


*5.29 In a parallel one-dimensional flow in the positive x direc- U 
tion, the velocity varies linearly from zero at y — 0 to 30 m/s at 

y 1.5 m. Determine an expression for the stream function, y. h 

Also determine the y coordinate above which the volume flow rate 


0 and y = 1.5m. 


Linear velocity profile 


Stream function y; y coordinate for half of flow 


is half the total between y 


Given: 
Find: 


Solution: 


Basic equations: 


Assumption: Incompressible flow; flow in x-y plane 


rsi M and we have vv? ۷ - 0 
oy Ox h 
—u NM = 0 
x oy 
o (u EX 2050 
éx\ h Oy 
د ین هه‎ Flow is INCOMPRESSIBLE 
Ox oy 
: uy 
u = U. = ہے‎ by) = | 0.210 +16) 
h په‎ h 2.1 
0 
۷= 0= v(x,y) =-| Odx = g(y) 
Ox 
2 
U-y 
f(x)- and EM. 
(x) g(y) T 
2 
U-y 
x,y) = —— 
W(x, y) T 
: U A U-h 
Q= ال‎ ydy = —— 
Phalf Phalf Uh 
Q U half 1(U-h\) Uh 
2 0 h Jo 2h 2) 2 4 
2 1.5-m m 
bhalf = 5P hy = zh = وو‎ 1.06-— 
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Check for incompressible 


Hence 


Hence 


and 


Comparing these 


The stream function is 


For the flow (0 < y < h) 


For half the flow rate 


Hence 


Problem ( 0 


Gwen; neor o X4 ON NC No \ T اچ له‎ 
هه‎ tes 


2S 
m 3 


Funda: کی‎ Aceon Kunden Gr Be Ties کی‎ 
WS) Vacation 


eK à sre ha ا و که‎ a € ord 


Ke ٢۸م Gao r v‏ کال 
i oa ; ch‏ عمش سه 
coses‏ بلا For v Meer preset Ne Gas‏ 


Sk 4 AY 
ته ات کي‎ 


u$ l‏ لھ 
Tum az E. a: ) o ee Coi - ER‏ 
Thus a = > + EQ‏ 


کا 

La له هدح له‎ =O, oo osa حا‎ zi 

Wre Hala as vale w Be boundary loues کا‎ 
2 = WES - SA = DA 


AL eC SEA. AN = 
: (Sy 
fr Y. K نه‎ | W- QS = 


a 


[3] 


2. 


I 
Ed 
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wR ^‏ یام 


Problem 4343 [3] 


Caren. Paroda xr AAN No Vous. o: N ۳ 


din‏ نک ماو لف 
SU eee‏ 


mndi um Areon npe qu Ce Le هه سالک‎ 
®) locduon eX sS و‎ bic که‎ ow- qpastes and 
ane- Rots Re Ads Goad Y Se 
OFS, -— 


Nx ty سی مې‎ press the Koro , Y ases 
A ې‎ HY 
A 


= =O 
o Heo DA 
a TUSE AUS ss +: 
N= KE ۷ ر‎ SA + CY 1 
Ga =o =O, se(QN-o ond. sos 
Be NAN as e is Be Sous Nong No 
$ . (SN e sols $ OS 
BL روي‎ a ON - § Cay - NES 
7 (S - UN - t= 93A 
Teel ond exccx shin ames 
Z KAKA, N-WNS cod 


V MOT: سه‎ 


ond er Tor SCNON Ae as‏ هوان 


رمصش 
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[S] . 


Problem *5.32 


Given; Sinusoidal approxumaon To boundary layer velocity ١٤ 
= 8 17 2 
چو‎ Usn( F) 


Find: Locate stream lines at Guarter and ۴ toto! Y/oco rate, 


Solution : Flaug 15 into mpressible so Y mag be denied: 


u= =Usin(S £ ¡Pe = SE dy ريم ې‎ = [Ursin Fry + f&) 


Thus Y= ~ Bao Es) +46) 


Lét Y =o along y =0) 5o féx) ٥ y=- dos (T 2, z Y 
The +o tal fow rate T : = $s) - blo) =- 227 cos هي‎ + 240 


At lly of total, $-% = ك 0 ¢ = |ر ئس نم ,له‎ w 
ZT 

" = SF 
ې‎ 5g. ا‎ yn 


At لا‎ of total, Y -4 = لي‎ j- eost p] = 228 E ed 


- لړ ,€ ل2 )وه‎ SU. 1, E 16 
/ CosC7 p) "SUE p TZ} Ús(12)=25 F = 0-667 EG 
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5 SQUARE 
S 5 SQUARE 
S 5 SQUARE 


EIS 


Problem 3 [3] 


75.33 A cubic velocity profile was used to model flow in a laminar 
incompressible boundary layer in Problem 5.13. Derive the stream 
function for this flow field. Locate streamlines at one-quarter and 
one-half the total volume flow rate in the boundary layer. 


Given: Data on boundary layer 
Find: Stream function; locate streamlines at 1/4 and 1/2 of total flow rate 
Solution: 
u(x, y) = o) z «y and (3) = ex 
2 (ô 2 (ô 


3 
For the stream function u = ay = U- B YX|. 1 y 
Oy 216 216 


3 2 4 
OTe) EI 3y ly 
Hence = U|—|“|-—|| ld = U| -—-——|+f(x 
bi 2 Ja UAM a gp m 
3(y 5 1 لا‎ 
Let y = 0 = 0 along y = 0, so f(x) = 0, so == ابت‎ == te 
—— 6 svS- 
The total flow rate in the boundary layer is 
Q 3 1 5 
— = (5) - (0) = U-0-| ———| = —U-6 
CIDE 
2 4 
3(y 1 1/5 
At 1/4 of the total = [JG A E ep Em U-5 
dbi BO GJ] CD 
2 4 : ) 
24- y 4۰ y| د‎ 5 or 4X -24X+5=0 where X وړ‎ 
0 0 0 
| 2 دا‎ 
The solution to the quadratic is X = AAA X =0.216 Note that the other root is ك‎ = 4 
Hence VX = 0.465 
2 4 
At 1/2 of the total flow Yp- po = 7۰ 5 y ud y = 1 5 U.8 
416 810 218 
2 4 : 2 
124 2| -2|2| 25 or 2X/-12X45-0 where X= > 
0 0 0 
| 2 | 2 
The solution to the quadratic is X = I X = 0.450 Note that the other root is ——— = 5.55 
Hence i = VX = 0.671 
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i ar i 


Problem *5.34 
Given: Rigid- body moros ار‎ Exarnpte Problem Sb 


> A 
V = ٢ ته‎ ly Lo = 0.8 rad ls 


Find: (A) dbtain the stream faachon for this Flow. 
(b) Evaluate the Volume flow Pate pir Unit depth behren 
N=p10 m and f = 0۰۱ m. 
(O) Sketch ne velocriy profite adong a hne of conerant &. 
(d) Check the Vo kane flow rate Calculated Farm Hee Sfreoov 
Hincha bey integrating Tht velocity profile Along thes ۰ 


Solution: Frm the deAniten of Y oe z- UY = = ru 


Thus Y = [SE de efte) = f-0wdr + fla) = ¿rus + Fl) 


The volume #lous rate per unit depth iX 


2 V) s) = =k ras +e -trw e] = E tnt 


p 
E = 2x 0-5 Gad (oo $ (012)! MŽ « —0,0D1 ms] m 2, 
Because Alb «o, flow asia the directon of بو ْو‎ | 
Ec d 
Along O = Constant, Va کم‎ ALAS big t pd 
D itia Plot 
: سسسسس تت ج‎ 
From the ner locity Variation , Vy torn 
rz Pa ra 
Thus & J dr =f r ون‎ WS fp 8 | 
p oe La n E (f, po / : 
A 8۶ ls dr وو د‎ a a (n n) e : 
From the Sskttch this flaco IS iq the direction of s. 
Comparing Thé expressions for Afb Shows they are the Same exce pr 
for Sign. 
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Problem *5.35 [3]‏ سسس 
Given : Velocity Field frr a free vortex from Example Foablenm Sle!‏ 


V * 2 2۶ C EGE m/sec 


Ema: la) Obtain tae stream function tre this Tote. 
(b Evaluate the Volume feu rare per anit depth hee 
Pap lO M And f Olm, 
(c) Sketch the ve ot ih, profile along & hint OF Constant G. 
(d) Cheek tht volume flow rate cateecarsed from the stream دوا سه‎ 
by و‎ Hang tht velocity profile long this line, 


a 


a sde 
E 
x 
2 
29 
A 
ce. 
"un 


z‏ سه From The defin rhon of V, OL = -Vp‏ :وور / دک 


m 


Thus Y = و‎ do + f(e) و مړ‎ fie) = س‎ Cere + Fle) 


But Ve = 2% ام‎ fo) 20, Therefore FB) = Constant = Ci and 


"E d 


The volame flow rate per unit depth is 
a 


b (r) to,) = llw +€, SEE. re, | = clics راس لسع‎ 
[s 
وکس‎ smt, )سا‎ ۵.06 ^Y =- pom m/s fm lo 


5 EEN 


Because Bly <o, Flow IS oaa Thé directa, of Es. 


Along Bstonsiant Va varies INEL BE bey Lu fh A: 
B Flot 


r M 
From the expression fer V, چا‎ za Thes 


a a ٢ ruz 8 | 


From tht sketch, this flow is in thé dieetin of êp. 


. rg shows thet the ENON Sons fr Be art the Sant except 
fe Sign. 
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Problem 5.36 


5.36 Consider the velocity field V = A(x* — 62y? + y*)i+ 
A(4xy? — 4x3y)j in the xy plane, where A = 0.25 m ?.s ^, and 
the coordinates are measured in meters. Is this a possible incom- 
pressible flow field? Calculate the acceleration of a fluid particle 


at point (x,y) = (2, 1). 
Given: Velocity field 
Find: Whether flow is incompressible; Acceleration of particle at (2,1) 
Solution: 

: ۷ 0۷7 av QV av 
Basic equations can + a = a, = DY = ¿Y + ص‎ + ۷ ov + ov 

Ox oy H Dt dx dy 0:7 01 
total convective local 
acceleration acceleration acceleration 


NM S 


alexs? = all > A. (4.43 - ar) 
y 


ofa particle 


igei ووو‎ 


v(x,y) = 
; : 0 0 
For incompressible flow —u+—v=0 
Ox Oy 
Checking aR - ey + yt > alas? = Bay 
Ox 
H 
zs Pardo 
Ox oy 
The acceleration is given by 4, = DV - "d + 92V. +4 ov + ov 
F Dt dx dy 07 ot 
total convective local 


acceleration 


- n — &x^y) + ) 2 [A - ې‎ + 2 + ala — E CEPS E - B y + EJ 


oy 


acceleration 
ofa particle 


acceleration 


For this flow ay = iPad + uu 


oy 


ax 


X 


ide (2 + A‏ — په 


0 0 
ayu ev Y 
Ox Oy 
Ox Oy 
3 
ay = 4-Ay le + a 
2 3 
1 
Hence at (2,1) په‎ = 4x ل1‎ x 2-mx l2? + سه‎ ay = 62.5— 
4 ms 5 
2 3 
1 1 2 2 2 2 m 
ay = 4x Ed x 1-mx [2m + (mm? ay = 31353 a = faz + ay a= 69.95 
m.s 5 
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Problem 5.37 
Given: Flow held V = xy?*? - پٍ‎ + xy k 
Find! (a) Dimens رشت‎ 
(6) Lf possible ncompress ¿bre Flow, 
(€) Acceleration of particle at pont (m 2? 2, £,9). 


Solution ; App با‎ Continui ty ر‎ Use substant /A4 derivative, 


Fp =o) 
Baste equations : əpu + ofr + IPA , =0 
m يد‎ 3 € -060) -0(2) 
s DV ے‎ oe 3 
= سا‎ + y 2v 
De 0 د‎ tor 4 e 
Assumptions! (D Two- dimensionat flow, V = “yD, دد‎ “43 =e 


@) Lacompressibte f flow 
G) Steady few, VA VE) 


Then ou 49 o. gt- y> =0 fl 1S A possible pacoapress le le case . 


oY 


-> T3 "f A A 
ap = uD لوس‎ ; X =ytt +yk; SN. 2xy 0-2 + xk 


= Gg) (utt +y?) *(-$g3)exg9 -5*2 x £) 
= 2 "ر‎ xg) ود‎ (gus) oh زدوږي- دوم‎ 
به‎ = t xu*) -fláys) )غه‎ xy) 
At Gogg) = (1,2,3) 
à = 2o] +(e] +2] axs] = e + £5» ez 
) مه‎ will bem mIs) 
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Problem 5.38 [2] 


Given: Flow tiered V=aaxyl —byj »C3* ; 4=!/ms 
b= 3/s 
Find: (A) Dimensions of How tele. € = 2/m.s 
(b) IY possible ntomporess ¿ble Flow. 
(c) Accereration of a partite at (x, 4,3) = (3,1, 2). 


=0 
Basi equations | e MOZART 97.5 
ey 33 t په‎ 
DV T "Wr > JN 
de = للا‎ rr Y پو ړ ۹۷ہ ےر‎ 


Dt ox 2c 23 
Assumption:  Incompress (Ole Flows, f Tweastaat 


— 


Then e, ar + oe s^ IS ال‎ 
ex oy 23 


Vote Y = Vx y, 3 ر(‎ Se Flow +s Hree- dimensional, and 


24 wW ow 
3x * 5y EE = ¿xy - 3443 FO 
Flow Cannot be INCOM ESSIE, 
چ‎ 
Zo لب‎ $4929 2۷7 . dy A oy av 
2 د بک‎ Tul. د‎ = Axa Sy کس‎ ie. = 


=(ax*y (6 رسنه‎ ۵ ) + -by\ax*t -b ^) +63 esk) 
Z5 = ? (24x 3 ي٥‎ —abx'y) +>} (by) + kle) 
ET 


€x,5,8) -(3, LE), 


i qe ٩ Eig a /z \t A 2, (2)* 2 :‏ 5 سل 

do = aut, ¿limi i) m ¡E xO? m, mjas e. inj 2 [5.6 ٣0 
وتا‎ , 3 

7 5۴ » 49 272 = په 
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Solution: Agoly Continu (e, USE ه/ رم مه»دهلک‎ derivative. 


Problem 9 [2] 


Garren UN Adoos Lk AL = Raw 6 Nos was يعمۀ مها‎ Saug 
د‎ as Su 
دد‎ OC ES SS) 


Unarre R= WH 2 
UO = Oro ws 


Ena: يې‎ Drow Wort Que So EN یکن‎ د٢‎ a 
Posible ESE NO. 
SS ¡PASS a cx iE ow CR w = Lo Sw EN 


AA. Chi S eee لی‎ rearme SOLOS چا‎ ea = Sw EL 


وا Y Soia ٢۵ E = AAD | We , Ses‏ په وسو 


y Gre dk& CE Ses aS scs oE mos Lor R= eee 
a aw A 


a * Sw و‎ 
" OY aX _ Lk at 
ves ی چک که‎ ERO BH | کد پد‎ 
x NY ees 
We WO Dab = = ZN Ue 


0 l ج‎ 
سم‎ S کد‎ SA ° 3X9 
SN o as WF As PE «4 
\ 
AR . 


Qe. = : uy 
LEE شه‎ 
ce. شا‎ OMA | o.00Se |? یا‎ 
Oe, = A A * = x “SSN = - له‎ a 
IV" av aw a, BO 
a AOR 1 
PEN VIE S L NU 
: $9 په‎ 8 "Cu A 


GS" * ND E 


= — = ست‎ = 0.0023 
A ېدا‎ OSA 
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SHEETS 5 SQUARE 
SHEETS 5 SQUARE 
SHEETS 5 SQUARE 


Problem 5.40 [3] 


5.40 The x component of velocity in a steady, incompressible 
flow field in the xy plane is u = A( 10 y "ږې‎ ), where A 

2 m ^*.s ^! and x is measured in meters. Find the simplest y com- 
ponent of velocity for this flow field. Evaluate the acceleration of 
a fluid particle at point (x, y) = (1, 3). 


Given: x component of velocity field 
Find: Simplest y component for incompressible flow; Acceleration of particle at (1,3) 
Solution: 
Basic equations u= oy v= و‎ a, = DV = yer 4 a +4 ov + ov 
oy Ox H Dt dx dy Oz or 
sc NP RN 
total convective local 
acceleration acceleration acceleration 
ofa particle 
: 5 اق‎ 4 
We are given u(x,y) = ad -10x -y +5'xy ) 


10 
Hence for incompressible flow (x,y) = | u dy = | ale - 109 + sey | dy = په‎ = LEY + sy) + f(x) 


v(x,y) = (y) = SE — Bey + sy) + ro] = A (shy - 1037 + y) 4 F(x) 


Ox| 
4 2 3 5 . ! . 
Hence v(x,y = -A-\5-x -y-10-x-y +y J c F(3) where F(x) is an arbitrary function of x 
: : 4 2 3 5 
The simplest is v(x, y) = A sx y -10-x-y +y ) 
The acceleration is given by a, Dv = u ov 3: ELA +u ov + ov 
H Dt dx dy 0:7 01 
po PA 
total convective local 
acceleration acceleration acceleration 


ofa particle 


For this flow ay = iy + you 


ox êy 
cal nite لب للا نات د تام‎ 
وي ترا سي‎ E Cats A t ost 
encara) dcus eL wa sa s 
En E ۱ 
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Problem 5.41 


Axl (x? + y?)i + Ayl( + y?)j 


5.41 Consider the velocity field V 


in the xy plane, where A = 10 m/s, and x and y are measured in 
meters. Is this an incompressible flow field? Derive an expression 
for the fluid acceleration. Evaluate the velocity and acceleration 
along the x axis, the y axis, and along a line defined by y = x. What 
can you conclude about this flow field? 


Given: Velocity field 
Find: Whether flow is incompressible; expression for acceleration; evaluate acceleration along axes and along y = x 
Solution: 
; : m A-x M 
The given data is A = 10.— u(x,y) = 5 v(x,y) = 
3 x +y X +y 
Fori : 0 0 
or incompressible flow —u+=v=0 
Ox oy 
à e- a 
Hence, checking —u+—v=-A- y +A- yY- 0 Incompressible flow 
Ox ay (2 2 (2 2 
x +y X +y 
The acceleration is given by a, = DV = u په‎ + go" +u په + په‎ 
F Dt dx dy az 01 
زا س پا‎ 
total convective local 
acceleration acceleration acceleration 


ES n s 
x == 
2? 
(+2 + y?) 
Aly 
ay =- ; 
2 
(12, y?) 
ay = 0 
"ue AP 100 
Y 3 3 
y y 
Aly 100-y 
a, =- 
y 4 4 
r r 
a 100 
a = =— = ہی‎ 
3 3 
r r 


ofa particle 


For the present steady, 2D flow a aes [ab x Ay Jo A 
CAE 
X +y X +y 
2 2 
7 dv | dv Ax 2-A-x-y A-y ax? - y?) 
cs pru dC تد‎ 
x «Y | (ay) | x ناف‎ 
2 
A 100 
Along th i Eee شي‎ 
g the x axis ay 3 : 
x x 
Along the y axis په‎ = 0 
A2.x 100-x 
Along the line x = =- -- 
g x=y ay 4 4 


where 


rax +y 


For this last case the acceleration along the line x = y is 


2 2 
pct yee ew eae رن کر‎ 
NETA im 3 3 


r 


In each case the acceleration vector points towards the origin, proportional to 1/distance3, so the flow field is a radial decelerating flow 
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Problem 5.42 [2] 


Gen + Íncompres De سه‎ GSS fous a wrt اک نو‎ 
| هه‎ cone Ue پک‎ ases bu 


ose te. US of ^5 ase مه‎ p^ hand si ose ^ anes: 
ond A 4 a Awrensiorel cono. 


FA: o Be ase mecs of e conio A 
ds) Eo نه‎ K A مډ هی‎ e. Aus us وا‎ 
LA SUS SERE: Sud pose Ae po = لا‎ 


EA 2 


~ 


¡CAS 


Ak sane A Val 


Tosu equ : vee + oS A o 


وب Sas 1 X so : E WR Weo‏ وکاک مې سی Fox‏ 
بد ما کسسلی خنلهصرېۍ 


کت 
Nes som Iv >‏ 


E E 3a ` > EN BEN = MA 
: 


ire 


KS SRL 


Ke acero La Sud SSA S Gwen ‘ou‏ دا 


T EN E داح‎ SM AU 
he = SY w (X Se +. MW > e 2 
: "AST a 1 
= JW (wA - E Sal 5 
WA Ke pe & = Gad 


Gs = LEO to BEN SAA = SEXUEL. A 
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SAS 
wr Sne Ws GN Au Se Arenao of Aa, WW, ose ayan Dy 


S Wed Re ce PECORA duen Sox e candiles Des 


We cdd ٩ سر نه‎ e non Ss py, wear ٤ 


Problem 5.43 [2] 


Given: Duct Flow with inviscid hacet dj P = lo کہ‎ Fent, 


U — f —» لد‎ Cx) 


K -—— 
1 | ) 0, m 


u(x) =UCI-% زلاه/‎ U= 5 mls 
Fond: Expression fr Acceera dion along é. 
Solute : tom puting equator 


-0(/) z0(/) =ol7) 
A dE + fe +28 


>y 23 

Assumphens: (1) Along 4 که‎ =w =o 
(2 Steck, Flow 

Then 


Ap, =u UG UCA OE 
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tain 


42-392 
ددم 


Wwe 


42-381 50 SHEET: 
42-382 — (DO SHEETS 
SHEETS 
RECYCLE 


42-389 20 


د لس کس 


Problem 5.44 [4] 


5.44 An incompressible liquid with negligible viscosity flows 
steadily through a horizontal pipe. The pipe diameter linearly var- 
ies from a diameter of 10 cm to a diameter of 2.5 cm over a length 
of 2 m. Develop an expression for the acceleration of a fluid par- 
ticle along the pipe centerline. Plot the centerline velocity and ac- 
celeration versus position along the pipe, if the inlet centerline 
velocity is 1 m/s. 


Given: Flow in a pipe with variable diameter 
Find: Expression for particle acceleration; Plot of velocity and acceleration along centerline 
Solution: 


Assumptions: 1) Incompressible flow 2) Flow profile remains unchanged so centerline velocity can represent average velocity 


Basic equations Q=VA ` DV av av av av 
dp = — et Ot + - 
Dt 01 dy 0:7 01 
ته‎ 

T. D* total convective local 

For the flow rate Q = V-A =V—— acceleration acceleration acceleration 
4 ofa particle 
(PoP) 

But D = Di + پوس‎ where D; and D, are the inlet and exit diameters, and x is distance 

L 


along the pipe of length L: D(0) = Di, D(L) = Do. 


Hence Vi = 
4 4 
2 
Dj Vi Vi 
V= vie a =. ae V(x) = > 
(Do = Di) Do Do 
D; Xx eed e 
1 D; D; 
1+ x 1+ x 
L L 
L 
Some representative values are V(0-m) = 155 (5) = 2.56— V(L) = 162 
5 5 5 
The acceleration is given by a, = DY = gee + PY +u ov E ov 
H Dt dx dy dz dt 
ر کے س‎ 
total convective local 
acceleration acceleration acceleration 
of a particle 
D 
0 
E E 
3 Vi 0 Vi Di 
For this flow ax = V.—V ay = 2 ox او‎ 5 
Ox Do Do Do 
=>] =i x|— -1 
Di Di Di 
jq وتک‎ lg E [p — 1 
L L L 
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ay) = - 
Do 
x*|—-1 
L- +1 
L 
. 1 m L m m 
Some representative values are a,(0-m) = -0.7575 ax E - Bode ay(L) = 085 
5 5 5 
The following plots can be done in Excel 
207 
15r 
T 
E 10 
> 
Sr 
H | H 1 
0 0.5 1 1.5 2 
n 
B 
a 


x (m) 
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Problem 5 1217 


Given: IncompresSible flow between parallel plates as shown. 


q 
2 
Find: la) Sh «cx. t 
a) Show Vr Zmrh RE سم‎ 
(p) Acceleration in gap. pl V(r) 


Soluhen | Apply éoriserva dian of mass 


=0l/) 4 =0(z) 
Baste equation: £ L 9 (rV-)+ و و‎ JA ae 


23 
EE Assumphons ؛‎ (1) Va =0 
= y Bro 
pen Then a 
355 l 
E FE rv) =0 or -~l or Y= = 45 hrm of solution 


The Volume Hou rate Is Q = 27۳/١ Vr ¡So Vr = e 


5 


E , . j 
۸ Because Ve =0; Ap =0. The radia! ecce ltratrorn کا‎ 
2 


ar = V- “Vr = e a E 
س/2‎ P. C VO E £79 دم‎ 
Thies 
—» 
ap = 
P (LE r3 ê,- 


The above expressions are valid balg for r>p. 


http://librosysolucionarios.net 


I TT TT n س‎ —7 


Problem 5.46 [2] 


Given: Incompressible, inviscid flow of air between para liel disks, 


Find; (A) Simplify continuity. 
(6) Show V = V(&/A.) êr , ۸» € £ 
(e) Calculate acce lera hon of 
a particle at A =ni E, 


and substantial derivative 

o.‏ | پل پس یه 
Smm‏ = . : 
0= ا Basic equations: REP) + 2 lp J+‏ 


رپ ځن ه A "a‏ )0(2= 


Assumptions: ' (1) IncompresSibte Flow, p = constant 
(2) Radia! flow, Vo ٥ 
(3) Uniform flew at each 7 location, as =0 
(4) Seady flow 


Then 8 
زمم) 2 لر‎ =0 or AV- = Constant = RV : yA "VE 


The radial Qeceleraton of a fluid particle |i 
yO کي‎ EA IA 
ar »۷ Oe = VÉ (ve) (- 4) --2 


At A * AL» 25mm, 


Ms ES ر‎ :) 
ar = Sr “0,05m (2 22) = 31.0 E Gp (Ac) 
At A=R= 7S mm 
a LE / Ss 
Baw _(S)*m* y (2) = - 3.00 km artir) 
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Solution: Apply continuity equa Fon 


[4] 


Problem 5.47 


5.47 As part of a pollution study, a model concentration c as a 
function of position x has been developed, 
c(x) = Ale Wa _ e 7/24) 

where A 1073 ppm (parts per million) and a اک‎ m. Plot this 
concentration from x = 0 to x = 10 m. If a vehicle with a pol- 
lution sensor travels through this atmosphere at u = U(U = 20 m/ 
s), develop an expression for the measured concentration rate of 
change of c with time, and plot using given data. At what location 
will the sensor indicate the most rapid rate of change, and what is 
the value of this rate of change? 


Given: Data on pollution concentration 


Find: Plot of concentration; Plot of concentration over time for moving vehicle; Location and value of maximum rate change 


10 


Solution: 


D 
Basic equation: Material derivative =u +v 


For this case we have u = U ۷ =0 W - 0 


X 
Hence DE us - VIRI Pen 
dx 


Dt dx 


We need to convert this to a function of time. For this motion u =U so x = U-t 


x (m) 


Ut Ut 


Dc UA|1 2a a 
— = امیت‎ —-e —e 
Dt a 2 


The following plots can be done in Excel 


c (ppm) 
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Dc/Dt (ppm/s) 


t(s) 
The maximum rate of change is when 
x x 
d ( Dc d UA!|1 2a a 
- i M ‘e e = 0 
dx\ Dt dx| a 12 
X X 
U-A 1 2a 2a 1 
—}e -—e =0 or e == 
2 4 4 
a 
1 
Xmax = Zaln(4) = 2x 1-m x In 4 Xmax 0 
t mx _ 277 s 0.138 
= = 2.77-mx = 0.138:s 
max U 20m max 
Xmax Xmax 
Demax U-A| 1 2a a 
= -e 
Dt a 2 
2.77 2.77 
De Tiu A De 
ma m — 1 1 : ma = m 
* S00 × 0 5 ppmx —— x — xe e. 1 " = 1.25× 10 3, ppm 
Dt 5 1m 12 Dt 5 
Note that there is another maximum rate, at t = 0 (x = 0) 
Demax m - 1 Demax -4 ppm 
= 20-—x10 -ppmx—-|—-1 =-1x10 .— 
Dt 5 2 Dt 5 
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Problem 5.48 [2] 


Gass ” یه‎ o A ۳ no VER که سی ماپ‎ 
U= Roo Ni VS oa مل که‎ Ar = 2000 As 


Ke coke of enger uE ronge wit e 
ی عم شه‎ \S 3x = - 35 17 + We. Samal 


cX شن‎ gak Ure Lor ده یا‎ A so 
Slam = -ASE [me 


Swed. کا‎ ove cX Nx sau ۱ e inan a 
تاد‎ A سه که‎ got Senge ES 
Soon. Wes Be Seas aa dar vio cons 
: : 3X Sc pee 
Bosc ep dun * ==> د پا‎ + ES 
SSA له عیهیښصګصۍ‎ CANTA 3 


We donk, -iF QW 0. Ree & , - BF 


Nu” ٢ “Se MO v یې‎ Io 
SM 
As ASSN SS yt 
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ETS 5 SQUARE 
TS 5 SQUARE 
EETS 5 SQUARE 


[2] 


Problem 5.49 


Garten, “Lnelrusserts onboard an sera 


که 
Co aye Qe CeNouse ES‏ هکی a‏ 


. rote e of خد دنه‎ use WG =O SE مسا‎ 
> Oo Spd = BBO Keats 
€ vole of nts = 3500 Gmw 


Front & Sor and وښن‎ Odd 


Es A. cole of e of Ne OX AS WV ves X 
C0 Keates Bana ough Re دل‎ God 


Saddhon, | “rs Re abia Aac Noue tonal 


ret 
Bose وب‎ : SS d 


vr dd are, 
E = 26v wes " همه‎ Nc Eri Sk سو‎ 
Mecha AN Ga. : 
3 دپ‎ 300 e^ , bobo tt , e _s05at 
N -r e مھ‎ BOS 5 
TU E so y sn a Sis a 


Qu ME : Sa e 
ua "E مه‎ Sc عا‎ ho 


Ln age ES SAS cos eo x Sos A 
sx vw E ¿OS ۳۳ suo fT 
Se ax چک‎ souk * WS. doch. پس یو‎ 


lr‏ "همه - ې ل2 
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[3 c. 


Problem 5.50 


Given: Sdement concentrahen rates o rive” Affe^ a. 
un fall are: 


oc a 
uL E RE سم‎ 


Seam speed is Us = OS mph, where a boat نه‎ Used 
To Survey Gone my afro. 


Boat speld $ Vy * 2.5 mph. 


Find: (a) ltalculake rates of change of Sediment Concentra ton 


— 


observed when boat rats upstream, drifts with the 
current, or ک) »مهم‎ downs tream , 


Why Tht observes. rates Aer‏ دل Ph sta‏ 674 رز(ط) 


Soluhon: APP lg substanhal derivanve rice pt 


Basic equarhon: 2e = we 42t 


To ebtOun rate of change. seen frm boat, set u = ug. 
(1) Fry. wovel upstream, Ug = Us -Vg =0S-2.S =- 2.0 mph 


DE (up) 4 -2.0 mé, 50 /00 A 
Æl p) m x PEM 4 PEM - 0.00 م7‎ 


(a) Fry drifhng, Up =Us td =0.S mph 


Pe (dr itt) = OS Me x 50 pe " 100 pen = 125 pem far rifa 
(ui) For travel downstream, Ug « Us F V, = Sr 2.E =3,0 mon 
Da : / 
PE ocn) = 30 و‎ p ORD 250 ppra Jnr ae 
EPA. بک‎ 


Physical the observed rayes of CHA auge oe OCCOALSE the 
Observer i$ Conveckd through the flow. The convective Change 
may Add to or suGtract frm the local rete of change. 
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SQUARE 
5 SQUARE 
5 SQUARE 


yv 
pa 


[UR 


Problem 5.51 [3] 


Se od. CX. QS ۳ یق‎ sor. Se dns No Mtas ےا‎ 
یلا‎ Su C e ده‎ ames ^ Sas &. hn 


SAXE: 
Roy N : P 2 ME. V2 de MOON y 
VM Tee coords sates Nx ae SAY’ 2 x زرو دنه‎ S Sv 


(Re WA = [Cod eu LUNES, ALS, MY] سک‎ Auf 
شا در کا‎ al Law + ok 


© 
- NA >u IV aT Wr 
CN YS EN په‎ v5 ak an 3. * Y بس‎ KNOTS اد‎ 


2x > 23r 
+f مید‎ DN) ow y 
چ اا لا‎ Y س‎ als ٧ 
on په‎ > 


Veen © ws n و سا‎ S. ام‎ corse Noe. Ar cA d 
Ya Sha Sa. = o ah کل‎ EE ex 


Eq, امو‎ Sur Ax eed = 
"Nexse (3) © Q à te eo wr. SÉ PEA, 3e A 

m E تسان داد‎ 

iay ea Sae = TEN "سه‎ AS [o AG x. 
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iniu ماهام‎ 


٣-٢ | 


eU laz =0, GO rel oS 
Ox "Oy پت‎ 
2a ے‎ Beet سو ۸ے‎ Zs’ lc 
ay ex ] 
= y ÈY QV av Lay 
Bp =u + ل + تو‎ ed ھ‎ 
p ; A | 
Ap= (Ax- BYAt) + Eg Mes) r(DEYo) t Dk | 
dpi) o tm iege yar E E 
Bp (Bit) = ut t9? F Sk mis” 


Problem 5.52 
Given: Velocity etd represented by 


V -(Ax-8)0 «uf + Dt É (x,y 19 m) 


Lohere ٣١ ی2‎ 7 


> B x4 ذ۵/ېم‎ , and D=8m js" 


Fined: (a) Proper vale of C for incompressible feu. 
(b) Accelerahen 0f particle at fg) 7 2). 
(€ Sheteh Streamlines in ty piane. 


Solution: For incompressiéle flow, = ې‎ + E Since کا‎ Db, 


La tne x lane, و‎ E are dy _ B . Thus 
د‎ ax uU E & 
DONE OE EE E + 4 ano 
AxB dy Av & AY x- دا‎ 
Lao Cx Ba) + hay = LUG, 3 | 
U Cm) | 
(x- £ jy = COAST 2 | 
| 
/ | 
| 
y 
2^ } 2 3 


http://librosysolucionarios.net 


x si 
hu" d 


Problem 5.53 
¡CUT Skad کی يعمس ~ هه‎ Sea Cu. ET ica "Re 1 


[3] 


Wwe ک‎ " Coo dn don E us eS Rere , 
as * SON. Seele ore hyg das. My C 
اوا‎ Got پک غه‎ ten, Cor شه‎ os Sy | 


SS A o.CGNe ACN په که‎ 7 (A. A نو‎ NE 


MAA CON A Corresponding C= T Ny Be. ext = E SS 
ATA AN CEN M RN ASL i 


SAA MORS à à 
کو لو‎ G. AN seo sn Nue. E AT T = EI e n = = 
له‎ . 
TA on va AS s ox inse S ec and 1T Scene 
SS : 
Se UE ak په‎ UM 


ue ESSO Sos TS‏ کا په 


EA i A. BORD WS)‏ = چک 
e CANG VN aly i x:‏ کو AR n a‏ 


ate EY e‏ = د یه 


Abs | | - 


y (m) 
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i 
سه‎ sion and تر‎ 


m Problem 5.54 [d] ددد‎ | 
Given: Velocity fete V = (Ax -B)? - ٨ ,ري‎ A 2ه‎ B= 0647 وم وار‎ 


ind: (a) General expression for ه 11 د هههغه‎ fli d particle. 
Gj) Ate lena eo at Cu) = (O al Cl 2), And (2,4), 
(C) Plat of sitambhnts, 
(d) Acce lera fion vectors on plot. 


Solution : Note uf ۶۵ and flow ,رل ےسلاك ک/‎ They 


de = سر‎ = (Ax-E)At + CALA)? = (Atx “ABE t AP ^p 


At (x,y) = (0, */2), ap = —0,)2? نې‎ 08237 mls" 


(ht), Ap = 70.98 + 72 wi fs 


E 


a i e a 
m 
(2,4), ap = -pot + 0607 A sd | 


E EL eu ; 
dá > o. Yu as OE 
Stream lints are ا‎ A Enktgrahoas, 


8 

= 
E 

k 


EB 
1774477 c2) و‎ or (Ax-E) c 


el‏ دنس و 
The pots Are!‏ 


i Streamlines Streamlines and Acceleration Vectors | 


y (m) 


x (m) 
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AAA 


Loca 


Problem 5.55 


Given: Air flowing downward toward iain ite horizontal flat plate. 
Velocity Field ما ئا‎ 


V > (axt )(يند-‎ ۸ cos wt) i35. wears” 


Fund: (a) Expression for strearn line at Fess, 
(by Plot o£ streamline thracegh Cs) = (2,9) at Piss stat, 
(c5 Velocity vector 
(d) Vectors represent n4 locas, Convective, ano total acce leration. 


m 35? x. 


At port (ay) =(Z,%), CF Zm ttm = رڅ ور‎ Ly = روو‎ Stream line 


The plot Is showa below. Note t axî [2 +ees ıt], =~ 2g 1 [2 + <0“ wt | 
At Got) = (2m, m, LS S), V «(bt - I2? à) » (٤ 2F 


The local accelerahon components at Cx ut) «(tm Ym, LS) ace 


ext . E 
Ay total 75b ” Axe (-wsinwt) = = 20. CD. sn = oTt mja? 


ey 3 = x د‎ Br mc $ 
Ay, loca " St ALÍ (^t sa Lut) = ae atx E in (Ex E lara mis? 
Tht convective ecce feirechea 2۵2۸2976 AES Zu Cx, c t) "(En tm, 1.58) ar 
Ox conv ۶ TS OK by te = AX(AT) Mer eos E) s (3) XE = "jit 


oT ( e Hau s ws = /4yp 
Qua, Lory Di روم‎ S = Lay )(ړږ‎ cos SU M C : j 


To tal 


n‏ دوو دوو دد نو وي 


The total accelerehen lS the وملک‎ of the ۴٢ tive and local values: 
e بس‎ 
By total = Axon tA tocar = (er ome = ۵. m/s 
E he 
Ay tetas = ری"‎ tene T Gy, local a(l- mf 10b Gomis 


TA plot 1 


y (m) 


Scale: -———+ 
O m/s? 50 


"m 


x (m) 
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Solution: Streamiine is th de or PES نم‎ OF Xy C 


= 
* 


| 


Problem 5.56 [3] 


Given: Lam mar boundary laager, lintar aprox ١ل‎ Pro file. 


Cx Y 2 caram PN‏ = 5 4 = لا 
¡a $‏ کو" QU‏ 
uy‏ 


From Problem 5.1 4p. LL y 


Find: la) x, and y components of acceleratron of a flad اتم‎ 
(b) Locat Maximum values. 
(c) Kaho, Ax max / رسک‎ max. 


Ss : ? 1 ۹ - ou eu راه‎ a 
gluta: Basic equatons: Op, =U 4 SEA Se 


apy uH ok vhs at 


Assumphors: (1) ur and 955 2600, (2) steady flow. Æ z په سمل‎ ry 
27 
EI 5 SA == Uy , . 
7 Ur; = Ug AE UY AS eS E 


dU. 
Li EE T 2 de Li) = vs و‎ s E 
TAKS 
0 s 2 
tine د ور‎ E dece 
=(U= EA 
py = PE 0 + Xv zs) => E ې‎ z Zee) 


AE is 
apy P dx DGI 


Maximum values are at y= & 


Thus Apx)max _ 


Gov, max 


دم )سه 3 


A oy max „0.6m 
APy, max DOOS m 


At x=o0.sm,$25 = po 
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O SHEETS 5 SQUARE 
8 SHEETS 5 SQUARE 
HEETS 5 SQUARE 


B81 5 
-382 19 
389 2 

ven 


[4] 


Expression for particle acceleration ay; Plot acceleration and find maximum at x = 0.8 m 


8 = cyx 


y 


ON =0 


~ JS 


3] 


1 


3 


Problem 5.57 


A parabolic approximate velocity profile was used in Prob- 


,ود 


lem 5.11 to model flow in a laminar incompressible boundary U. 
layer on a flat plate. For this profile, find the x component of ac- 
celeration, a,, of a fluid particle within the boundary layer. Plot a, 


1.2 mm, for a flow with U 


Flow in boundary layer 


`- D 0۱ 0 01۱ oV 
dp = i= t We + — 
Di dx dy dz dt 
total convective local 
acceleration acceleration acceleration 


of a particle 


0 0 


a, = uu ٣۷-١ 
x ay 
y u 2 
MA, y) = — SO — = 2-۸-2 
Gy) é(x) U 
B az, U^ ng ux. _y 88 
ox d^ dx 5° dx 
1 
E bue SO کے‎ 
Ox ò 1 
2 
Cx 
2 
Barco ea^ اور‎ 
Ox x 


Ie 
< 
E 
١ 
E 
RS 
eO |n 
| 
N 
هه‎ 
| 
RA 
١ 
e|z 
6 
AA 
ols 
| 
VAS, 
|< 
LA 
ا‎ cB 
١ 
N 
6 
" usen 
«l|» 
| 
ut 
— 


2 
is su ete eU SEES 
Ox Oy x x 
2 2 2 3 
4 1 4 
ay = U, X 1 کو‎ oe = ae y وط‎ y = 
x 3 3 x : 3 (ô 
da 2 
Dec ند مره‎ or 
dA x 3 
`= Em ۸ 0.634 
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0.8 m, where à 
6 m/s. Find the maximum value of a, at this x location. 


at location x 


Given: 
Find: 
Solution: 


Basic equations 


We need to evaluate 


First, substitute 


Then 


Hence 


Collecting terms 


To find the maximum 


The solution of this quadratic (A « 1) is 


2 


U 
= —0.116.— 
X 


2 


U 4 1 
At A = 0.634 a, = ( 0.634? 4 70624 X 


The following plot can be done in Excel 


y/d 


a (m/s2) 
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Problem 5.58 [3] Part 12 


A يسوا‎ Wesce oun N ARS هه‎ n QN. Roddy) 
> = C جڅ‎ CAD — dk 
: i : 
EN = ES Sas (EN S Nos sn E WM M E en 
Fok: D coh “Gor NN aná Oy e 
خکتق‎ Ow ond په‎ OWS CAS که‎ aM Lor s SIN Rr La a $= ین‎ 


Andre ore, AQ AEN که که لف‎ Nea ene o. lA, PS AL 
DECL, 


F CN 
1 eS و‎ ere QM Xx 
t GN wy an 
Y ۳ R ES > . de id s 
ve X0 REY m Sy aS S CAD, da x Sh 
Dn Rma M " owe EN 
ېچ‎ = Sí یڅه‎ OG - Da Sul 3 


SAX AL Za E SN wa ERR EN EJ M 

OAT 34 E ACI mers eq فطل‎ 
eM A 8 We 1 
X P. S APO x m 


3 C oos + ۹ اسا‎ ٣ y Sure e dod TUNE, 
sA 
Ze x (X. àA, 8 e = bs Te» "eee Dae ak 


AS > 
د ې‎ E ES 
وت‎ ۴ S " Nr. ue E 
Sm rd MOS وب‎ eque ee کک‎ m "ees دد‎ ٧۷ NS 
ar ow Sh 5 " Ne HOS 
هد‎ Re و‎ Ie qe ces 


DA uo > 
Ew ADV 
سه‎ “SS دد 1 € ) ند‎ X ES É پعۍ)‎ eA B Uy ces 
2, 
Qu = = ait San ات او نن‎ aguas Las) 


7 . due ; 
تا‎ " i zs 
Oa = T Com} " COS l a -N =Y AA | 
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wm 


Problem 5.58 [3] Part 2/2 | 


?. p^ 
Oe 2 cos ۹٩ (cor 0) =z ~= E cos SEBA) 


SUS AALA “A uo Nae 


` i; ۷ 
ST San i N Cas + EI ae zn Ares] 


o 
wao N دور و‎ RAST 


z 
3 An 2 
z . . Y 1 
EE Qa = $$ [eka Gee en tn E (CENA cos san] 
z Ss x= PA l 5 2 
C md 
$ + cosy casa 4 0 Salva — 
Es کې پ‎ 
: کا‎ $ . 1 w/a : ٩ اې‎ 
8 a - g = SAA X tas" en sym N -5 (Braa + qei مې وک‎ 4 
$3 EN Era 
x component 
E 
ES Tn Û a) ٢" 1 
i Foco | B000 | 0600 | x-component of Acceleration in Boundary Layer 
k 5101 015 | 13 | 
0.13 | 
| 
0.40 wo 
[oso om [ 7239] 
Coso] 0952 | — 39 ——] 
Lio | - 
-3.5 -30 -2.5 24 -1.5 -1.0 -0,5 0.0 
a, رولو‎ 
035 de — : 
AT | arme] 
[095 | 149 | 9O4 — | 0.667] 5 (Maximum absolute value using Solver) 
mepi 
y component 
A A] : 
5001 0008 [0.0000] y-component of Acceleration in Boundary Layer 
| 
8.40 ys 
pes om | 208 — | 
| o2 E 
oo هو‎ ae] : QR 
esl 118 | ^ -284 — | 35 30 25 -2.0 -1.5 -1.0 A5 . 00 | 
a, (x 105 mis?) 
CIRE J اچ‎ 
LCINCMNNEUNN 
0,839] 1,32 (Maximum absolute value using Solver ) 
8 


Wa. Que normalizada CIS and NN merce Nara Va PLA ئي‎ 


"ua c 
دد غه‎ (X به‎ : Rip ibrSsysolucionarios.net 


لح ]3[ 


ut) 


uly) 


APx 


Problem 5.59 


Gruen: Air Flow through porous surface unto narrow gap. 
CV 
| SPEDE a 
h YA جا‎ (5) 
دي متا ې‎ 
bx Y, 
Find: (à) Show tx) = Uo kh 


(5) Component, y” f 
(c) Auelera hon ofa fluid particle in the gap. 


Solution : Apply conserua hon of mass to EV showa. 


=0 


Basic tguahon: 0 -ALe +f eV aa 


Assum hons 2 (1) Sita de, tlow 


(2) LEncompress ible flocs 1 
(3 Uniform thw at eac ».Sectio م‎ 
Th 


en 
6 = j- x sj + f hur ulxyf ir Ax) =; /3 
Apply elfe rerifia i from h hod T: 


24 ,9v an 24 . Z5 
2x oy 27 H 


J 
g 
کا اد د‎ ro) =- FI Hex) 


or 
UE -u-Z) [ft) =o since U =U; = cons along y =0 | 


=0l1) 


Di 
[$ 
l 
y 
Un 
4 
q 
W 
+ 
Y lc 
یا"‎ 
Y 


bt‏ ده 


aa, 


7 
= 2 
A EES 


Apy = wli-Z)(- P) = 2)8 -( 


2 Uc x Vo 
Cu, رخ‎ eS 


Thus 


2 اھ 
ds‏ وي ٤ + Ap, Î‏ مه = Ap‏ 
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42-381 50 SHEETS 5 SQUARE 

42.382 100 IHE 5 FQUARE 

42-389 200 SHEETS 5 SQUARE 
2^ 


^ 
NATIONAL 


[S] 


Problem 5.60 


Guven: Flow between pana lle / dis les threugh Porous Surface. 


z 


" Vir, 
Find: (A) Show Ve = ter /2h z cule, 
(b) V3> if U << Vr 
Ce) Components of acttleraton ter a thaid Particle in the gap. 


Solution: Apply tv form of Contin لاعف‎ Jo Hrite. CU Shown. 


Cv 
Basic egquaten 2 70) : NEM نل و سدوا‎ 
pz Sed NAT di | 


Assumphoas ؛‎ G1) Steady Flow 
@ TneanwresstSle flow 


G) Untferm {low at each seehon 
Thea 


0 =f- leu, للها دل‎ or ve = Bee 


Apply differentia form of conservation pf mass سم‎ incompress ble Fow, 


-D(!) 


Basic equation ^ 42 A Vr) "Ae j+ A Y -0 


Assu-mphens : OJ Vg =0 by symmetry 
(5) Ve = Br Jah trem above 


Then 
= Va, ] à rv ) = > 2 D5i^* د‎ m, > UG Y Da 


Integrating, 

1 Yer E + tr) 
Boundary condi Hors are 4 = U; at ٣ د‎ Y بجر مھ‎ 3 4 
Thus frm hrst BC, Flr) = V = Constant, So 


V, = v l- 2) 


The r component of Accelerahon is 


A 
= Y ۷٥ . Ve a a 
ge ERE (2 A 
^r / 
The 3 comportan is 


Va 2 7‏ هه 
R)T‏ د وو EDI‏ د E‏ 
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ENE | 


mE Problem 5.61 [3] part 1/2 
Gen’ Sead, esso d. Low eee ېي نه‎ N رو‎ x : 
TOA IS R i B 1 x "| : 
ee sse CS) le. -o ell cy Va 


Finds بې‎ Espress con for PU ME ek کک کس را‎ RRS 


Co OS Or یه‎ ay of Qo se. MTM 
> V eccl. کی کت‎ ox کک کد‎ Q.c ea NO ON CONS Ox OM 
VAQDUANS SUUS OON. ASA MAS SONORA > 


Má. r Che OS 0 Esas of Ql ې‎ Lor Saw and os ey s uds 
of e Cos c= $ Ja Du Ge a Kunden Ks Ese Teg 
Ss. ٩ Sel 


Bose یری‎ : x= M ic Y 3e TF ^A 


ze 


Z 
WSSU LACS : ® کم امم‎ Qo SS 


Mora یدو‎ 


E هید‎ and پا‎ L- 

ee SEE UNA EN- gu SUSE Eb 

O‏ مه 

AS AS همهم‎ ee E د‎ eee: 
سه‎ la RCM 
دو‎ Ed Rs o دول لد‎ 


l s. 
ENS \ he vus OLAN ES d = Ae m RAR 


E 
3 
te 

k 


Cómo 


Senor E کم‎ ¿e صا‎ E onza È @ CASA 
Shea ao, = HO ou egg ™ SAS @ Ve AAR 
Bron چا‎ Z 
i Ta R .QCM TO and. AS = - Wane 
EN ; co EE 
a Ea L 
Sy 3 پل‎ “E - s17 S G ے اعت‎ we خم هس‎ Se 
ES v. [p 
E 
Ax hos NAS, Se poe Se oe V. 
Moss AA له ںی‎ ARN 3 Se mee 


ape Nels Sia Megs, dos (SS m پا د‎ 
has NAMES EUA ی‎ ol n fs که‎ B= S08 NM S 
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Problem 5.61 [3] Part 22 


Se AS TOS niuda n T l E 
de pS * 7 aed : پک‎ 3 ` 
Vae | اه پ چە‎ SN دې‎ EA S tote د‎ E and 
"AN Ss SS که‎ WAG, $ Qe=t د‎ l 
رن‎ 


شا 
eee‏ سخ Das TNS s‏ 


luc Mut HO دا‎ ON 


CO Am s ` S$ = ASNO 
e = SID اکم‎ V EE "eS S cose 
CETERO BEER: A 


Acceleration along Stagnation Streamline 


Acceleration, a,R/U* (س)‎ 


0 1 2 3 4 5 
Radius ratio, r/R (---) 


Acceleration along Cylinder Surface 


Dimensionless accleration, a, and ag 


Position along surface, û (deg) 
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E 
È 
E 
E 
یا‎ 
de 


Problem 5.62 [3] 


5.62 Consider the incompressible flow of a fluid through a noz- — _ U 

zle as shown. The area of the nozzle is given by A = Ay(l — bx) | | > 
and the inlet velocity varies according to U Wl — e ^, a. ج‎ 
where Ay = 0.5 m?, L = 5 m, b = 0.1 m71, 4 = 0.2 s71, and ا‎ 
Uo = 5 m/s. Find and plot the acceleration on the centerline, with — 


time as a parameter. ټو‎ | 


Given: Velocity field and nozzle geometry 
Find: Acceleration along centerline: plot 
Solution: Up ېدو‎ bU y 
a = ——— — ^e و کاو‎ ) 
8 x (- ba) 
A= 05 m 
L- 5 m 
b= 01 m 
= 02 s 
U= 5 m/s 
t= 0 5 10 60 


05 
15 | 8 
0 | 125 


2. 

: 
3. 
45 | 182 


For large time (> 30 s) the flow is essentially steady-state 


Acceleration in a Nozzle 


Acceleration a, (m/s?) 
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Problem 83 [3] Part 1/2 | 


Given: ONE- dime nano, compressible flow through cifeular channel, 


R,= 0.2m 
Unt, + Usinlut) 


O, = 2۵ / 
دنه و‎ Qr—- x 
w= 0,3 rad/s ae 
Fine! (a) The acceleration of ٥ particle at the chaane! Exit. 
(b) Plot as a function of time for a Completa Cycle. 


Ce) On sane eN o arder oae mas Vo conc os. مه‎ Lanas, 


Solution: The acceleration of ce particle in ont&-dimensiana ۸ Feud ٤ | 


+ y 2 
From confine ty, uz U As e OF Ri 
A At 


From geometry, WF E&,-(R,- رم 5 لا زیم‎ = 4 €. so 


f i 
u = LU. 5, = 


/ 
(RAR Xi Lus eU سه اه‎ jr - رې وه‎ 


I / 
پد شت‎ Ak) =O 
ay =(U, + رورو‎ ٢ z)’ [u * U smtue)]C2 X gp. 4 a]? 


WU cos (at)‏ ې 
]485 -/[ 


2 
Ay 2425 [th +U, sntwt)] + WU cos Cot) 


Rik را‎ AR ي٤‎ Aex, > 
[ EE] [1- به‎ (X) ] 
= - غه‎ x = = Sdm = " 
At x/e=1, [1 EE] GEL = 0S, دک‎ 
PA 
Ay = 2x0 m, Ld رد2 )] سلپ‎ 2aintwt)} m^ , L6 37d 2m ے‎ cost), J 
x EZ da 1 Lu) ES Gaos 5 "لي"‎ sy 
ar 1 a 
Ax (msect) = 32 [207 2sintwt)] * £.9cos(tot) (at x=4) Ax 
[see next peat fol 
p lots) 
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ik 


z 
x 
2 
2 
E 


SA 


Problem 3 [3] Part 2/2 


The acceleration in the channel and in a constant area are calculated and plotted below 


2 2 
aie ipee | Acceleration in Converging Channel 
[$ | 1809 | 999 | 
| | 
| | 
me | 
| & | 
| 6 | 15414 | -0.136 s. i 
[7 | as | 935 | | $ 
قا‎ | 14586 | 0.442 | E 
[uj me [ose | ® 
[ir] 11696 [| 053-1 
= 
[.]4 | 10665 | -0294 | 30 
[ 009 | 026 | 

[i6 | 10977 | 092 | | 
hd. ee ———— ےگ‎ =e | 
| 8| 109007 | 0381 | e nt ———————M——ÁÁ— : 
H3 389 | Acceleration in Constant Area Channel 
0.600 
E 
E 

5 

5 = 

g 30 

S 

o 

8 

< 

1 


The acceleration in the convergent channel is massively larger than that in the constant area channel because very large 
convective acceleration is generated by the convergence (the constant area channel only has local acceleration) 
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Problem 4 [4] 


Given: Steady, two- dimensional Ve locity feld of Problem 5.53, 


> æ 
۷ = Ax -Agf ; Asls™ 


Find; (a) Expressions far Part cfe, coord ino. tes, Xo = f(t) and yo = fult). 
(b) Time required for particle to travel fram lxs, yo) =(£,2) 
to (tg) = (nand le, ad ات‎ 
&) Compare acce lena tion de termines fram filt) and fa (e) 
with those fond im Pm bte m 5.53' 


Solution: For the given flow, lU = Ax and T= Ay , Thus 


Up = E = Arg = Af, or f = Ade 


1 


Integrating frm Ya ta f,, 


f, df £, 
J, ES = fw ti] = lul) = At , or f = ye 


. a p 
Likewise Up = = = -Ayp =-A4,, or ES 


= -Aot 
Integrating from y, to fi, 


f df 7 ft _ eat 
4 rA z fut J = LZ) =-At or ty = 4€ 


Far a particle inia ttg at (£, 2), Xa 2d and yy =e 
To reach the point (x,y) = (1,1), £t = x 2, دک‎ t= Gut = pas sec 
"ES C ud 2-chei. 413 sec 
€ ty * 2 ¿30 2 2 
To reach the pont (x,5)* (z,4,, ent = 2 = YS t= سی‎ 1,59 sec 
-Aż 4 
e و‎ = 50 pe oes 1,39 sec 
The acc lera hon components are 
gf " 
ap, = roa = Xa Es XA fi = AF, 


z = 
Apy = m de 4^6 = = HA” e = A, 


At (x,9) = (h1) | 


Ap = 2 EN UR TI foe wu "m - y 
Ap = Apyl + Cay ل‎ ae x ^?" e ee . (m jJ (é "AE e(l, 
س‎ 

At (xı gy) = (2,5) 
T (iy 8 ay J NS Apta) m 2 2, 
a tem A BS = (2í 22222 e l; 


These are identeca, to the accelerations ound in Problenr 3 | 
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Problem 85 


Ra‏ ویک SNS ` col coordinats Nes‏ ۳ عم 
à AS ok (. Cua «ode :‏ 
as. SSA‏ ما WIE‏ سه 


^ 
Reco =. €, and Deel = - E 


"ODER PC : د د جح‎ Re 
E Ane لم یمیي۸‎ FE Nee, Lar په "هد کی‎ 
die Ye Qe SAVE, M 
CEE 
ce A DA = واي لا‎ ape A $6. پل کوڅ‎ 2l هند‎ 
32 aug 
ii = A. 5 ac * p. e * Ya -4 (Ace Er دو کن‎ D 
?$9$$9] y 
i rye x S. E 3e MES. پل‎ 3 ES 
į NS IO RSS Nes. 


e 3 Si‏ پد الا لش په پد 
Exa A, 2 e SEA‏ 
>z 3‏ 


y 


ar V. aw > 5€ 

ul ^ E 

چه- ېر Xe 29 SN. De‏ چا په 
E ac 5 Xe SS sf cs =‏ 


y Se O‏ رکټ و اا 


A-A = a MS ar سوا ني‎ us M A oM 


KERO) 3 Qu L3 Ce eher of PF Ke, RNA کي‎ 
مهد ې‎ OS که‎ 
په 1 سر سا‎ 3c" v 30 


— X y 
e "e su 


XAO w Re e Component of conve PR TE RN 


M N N 
A SA ملت‎ Ns ee She E x = 

MM : 08M‏ یلت 

8 ع‎ ٢ MX S S AE =3 d 
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[2] 


Not irrotional 


Not irrotional 


Not irrotional 


Not irrotional 


Problem 5.66 


5.66 Which, if any, of the flow fields of Problem 5.1 are 
irrotational? 


Given: Velocity components 
Find: Which flow fields are irrotational 
Solution: 


2 3 2 2 ره 
رد — ره + u=2x ty —xyu-x‏ 
> 


£e 


b u-2xy-x + ن پر‎ = 2y - مر + ر‎ 
C. u = xt + 2y; v = xt - yt 
d. u = (x + 2y)xt; v = — (2x + y)yt 
For a 2D field, the irrotionality the test is - Oy =0 
Ox oy 
(a) ae, pia = E H [? ».y]] (oy " = 4x, + y- 4y #0 
Ox Oy 
0 0 
(b) —v-—u=(2y+2x)-(2y-2:x) = 4x #0 
Ox oy 
(c) I ea ET 
Ox oy 
0 0 
(d) ۷ u-(-2yt)-(2xt-2-2xt-2ytz0 
Ox oy 


http://librosysolucionarios.net 


Problem 5.67 [3] 


5.67 A flow is represented by the velocity field V 
(x! - 215y? + 35 y* — 7x6 \i + ( Tx y — 35 y + 211?y — y? y. 
Determine if the field is (a) a possible incompressible flow and 
(b) irrotational. 


Given: Flow field 
Find: If the flow is incompressible and irrotational 
Solution: 
; د‎ 3s 0 0 "T 0 0 
Basic equations: Incompressibility —u+—v =0 Irrotationality —v -—u=0 
Ox oy Ox ۷ه‎ 

a) u(x,y) = x - xy + ay = TA v(x,y) = 7 y = y + م21‎ = y 

Q u(x, y) > 78 105.x ^y^ + ios y - Tye 2 v(x, y) > 7 105 y^ + 105.x. y^ - Ly) 

Ox Oy 
Hence oy + 2, #0 COMPRESSIBLE 

Ox oy 
b) u(x,y) = x! - Hey + 35Xx^.y. - Dey? v(x,y) = و5 - کو‎ + Ixy - y 

2 y) > 42- xy = 140 y" + 42x? -2 uy) > 2 y = 140 y" + 42-xy? 

Ox Oy 
Hence 2, = oy #0 ROTATIONAL 

Ox oy 

: : 6 4 3 2 5 7 7 f : 1 

Note that if we define v(x,y) = aC Xcy-35-x-y +21-x-y -y ) then the flow is incompressible and irrotational! 
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Problem 5.68 [2] 


Given: Sinusoidal approximation ta boundary - Ayer velocity Profile, 
ول خپ = يما‎ where S=5mm at x =0.5m (Problem 5.12) 
Neglect vertical component of velocity. U=0.5 mis, 
Find: (a) Circula ten about contour bounded by x * 0.9 7m, 70.6 m, 


y =0, And 9g =8 mm. 
(b) suit if ٥ه‎ هغ٢‎ AX =0.2Mfeerhttir dolu aS ream 7 


هم & و Definen‏ 


Y x=0,8‏ اه 
P= Veda os P EPA‏ 
E a z 5.‏ ^ 
From tu defecto VOD‏ 
ul dg ULAG Ax‏ 
n=] [fax +f vas +, 2 vias -Í Ut etê)‏ 
0 
-UAx =- S2,02m = — 0,100 m*/sec‏ = 1[ 


, » UT 
At the downstream cation, Since § = Cx 
th i 
= x sé 0.8۱ ۶ 
TER Sm (—) e Bars 


Point c's also outside the boundary layer, lonseguertly tht integral 
along ۵٤ Loi bt the same as Along Cd. Thus 


T eters 5 labed 
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Solution: Evaluate 07 Y v " 
دت‎ 


1 50 SHEETS 5 SQUARE 
TS 5 SQUARE 
0 SHEETS 5 SQUARE 


8: ghee 


21 
-389 2 
-uei 


Problem 5.69 i. 
Given: Ve loci ty held fev flow in a rectangular “Corner,” 


۰ -l 
V = Axi -Ay with A= ES. 


asin Example Froblum 5.8 3 
f Sguare 
Find: lireulahon about Unit Square Shown. z| سه لایر‎ 
Solution: Evaluar wreutate-; S. 
: Alhi) A) 

EE Defining Gla hon: 
Sn "T =v Vida 
se The dor hab à Veda = (Axt - ers (eet m = Axx xp. 
ssi For the Contour shown, dy =0 Abang Ad and Cb, and dx =o Aloy 


¿ ba and dc. Thus 
he 2 
1 


d e 4 A 
P=] Andy +| -4 + ~ Aud 
n * J 5 du [arar +), lg dy 
= at] cap] eT cay] 
+ ak An 
la Ely Sde t Ju, 
> Ll" "Xa! + یه‎ E) S get out Jat cuu) 


M =o Sine Ya Yg and xc uy 


Ja = Yd and Ye = Ye) 


This reseett is do be Expected, since T leu is ۱۳۳٣۴٣۱۵٣ له‎ ) VxXV =0). 
From Sto kes! Theorem (EQ, 5.18), 


Dx ړل‎ (vx) «a - 
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MEE Problem 5.70 [2] 
Gba S. Mises و‎ ٢ کټا‎ Ea: Ls Nac ۹ Seal hess 
` E A =-\ 02 A ٢ 


WT د سی‎ . Sm WOS and cost 
Measured uy لیب‎ TS 


posee Se Sas‏ یه HAA repress‏ تی موي ؛ کم 
ox, SUC ut AN à UN‏ یا (QN RA‏ د سا 
ÓN eo‏ مهو HEEE e OR EE Sen SD‏ 


220282 i l > 
gus For oro ese os FG du =P 
TE | Seem Bas GAL 


Bu ALAN 


um SU. m A — A ues 


e 
٩ S= SE x. 2 = -Sea Ñ 
A 
0۸ E m EE MS : 
CR M 2 نا که‎ O اھ‎ 


es sra laca " deed a, T= Es 
Yor Qo conn سک‎ wa AS و‎ n 


c à a EN 
Ç= — Nf? (AGA rbd 
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[3] 


NE X =0 


OX 


v(x,y) = -2 (x,y) > 60x. y^ E Bx - 30-x.y' 


Ox 


8 v(x,y) > د120‎ - 120-x.? 
ey 


INCOMPRESSIBLE 


u(x,y) > 30x" 180-x^. y^ 4 30-4 
oy 


TRROTATIONAL 


Consider the flow field represented by the stream function 


Problem *5.71 


75.71 


7 2 2 . . . 
y = x° — 15x*y* + 151% — yl. Is this a possible two-dimen- 
sional, incompressible flow? Is the flow irrotational? 


Irrotationality 


Stream function 


Tf the flow is incompressible and irrotational 


age - 0 


Ox oy 


Incompressibility 


v(x,y) = x - 15x ^y, + و = د‎ 


u(x,y) = ° yy > 60y - 30-x ^y - 6y 


oy 


Given: 
Find: 
Solution: 


Basic equations: 


Note: The fact that y exists means the flow is incompressible, but we check anyway 


Hence 


For incompressibility 


Ó w(x,y) > 120-xy" - 120-x>y 
Ox 


0= بو ° 


Ox oy 


2 v(x,y) > 0 = 30-x* z مود‎ 
Ox 
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Hence 


For irrotationality 


Hence 


Problem 2 [3] 


75.72. Consider a flow field represented by the stream function 
] 3 3 4 . ‘ ۰ 5 
y = 3xy — 101 y? + xy. Is this a possible two-dimensional in- 
compressible flow? Is the flow irrotational? 


Given: Stream function 
Find: If the flow is incompressible and irrotational 
Solution: 
: -— ER 0 Oo. _ NICE 0 يی‎ _ 
Basic equations: Incompressibility —u+—v =0 Irrotationality —v ——u-0 
Ox oy Ox 


Note: The fact that y exists means the flow is incompressible, but we check anyway 


(x,y) = xy = 103. y) + کو‎ 


Hence u(x,y) = B (x,y) > 3x 30x. y^ + 15-x y" v(x,y) = -2 tx, y) > 30x^y) = 15x^y = 3y° 
oy Ox 
For incompressibility 


2 u(x, y) > iss 90-x^.y^ + : 8 v(x,y) > 90-x7-y" - 15% - 15! 
Ox Oy 
Hence oy + 9 y - 0 INCOMPRESSIBLE 
Ox oy 
For irrotationality 
 v(x,y) > 60-x y x 60x). y -2 a(x,y) > 60x. y = 60x 
Ox Oy 
Hence B * u= IRROTATIONAL 
Ox oy 
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Problem 3 [2] 


75.73 Consider a flow field represented by the stream function 
y =— A/2(x^ + y”), where A = constant. Is this a possible two-di- 
mensional incompressible flow? Is the flow irrotational? 


Given: The stream function 
Find: Whether or not the flow is incompressible; whether or not the flow is irrotational 
Solution: 
ae A 
The stream function is p=- : 
2 EE +y ) 
The velocity components are u= a = LAW v= _ db =- fex 
dy 2 2 dx 2 2 
rx + y) rl + y) 

Because a stream function exists, the flow is: Incompressible 
Alternatively, we can check with oy + 2, =0 

Ox oy 

ox + 2, = NL ae + QUEM = 0 Incompressible 


For a 2D field, the irrotionality the test is 2, T u-0 


—V ——u- A La S A = E z0 Not irrotational 
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Problem 4 [2] 


Given : Velocity Feld for mohon in Xdcrechon with constant shear, 
The shear rote «s 
سے‎ rA where A* 05137 
d. 
Find: (a) Expression far V 
(b) Rate of rotation 
(c) Sream Funchon. 


V «ut Y (مه» + به يځ‎ ٠ - | ۵4 + £6]? 


Fluid totation کا‎ given by 


0 
t =4VxV = 4( - 3 (= - ی‎ = - 2= k 
From tne definihon of the stream tunchon, 


A So Sy = Ay + Fæ) and با‎ = tagz + و(‎ +70) 


w--9* = fay +9’) =o 
Thes f(x) =0 and g lx) =9, and 


Y=z3AY+0 
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Solution: The veloc (fe held 1s 


Problem 195 [8] 
Cases: میا‎ EOS Teves ted a ل‎ X-w 


End) mete: — as Ss 
as که‎ A MR S NON OO TR 
TAR senera AA amd Na Cox. Su ه وی‎ SAS 


Sen. 
۸ د‎ د٢د‎ SE NE asd. ۹ سات‎ ~ 


MT 
ME s Rg yoo is = 9A n E" 


2 


V eos bis رس‎ Y= 


Ge nm N 7 2 5‏ = کا 
Cue‏ - تې د ES S A‏ 
AA‏ 


$ 
VWs ES ان‎ = 
: € M. M > a 
=j? 2 2 | 
Wan = یت‎ Su, De = 2 2 . F3 EN uA 
EK. لہا ته‎ des nios o 


: E > 
Sure. E X q. azo es Cr E ea wo 


Streamline Plot 


Distance, y (m) 


0 1 2 3 4 5 
Distance, x (m) 
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E 
$ 
E 
s 
te 
ic 


2 


A 
Aloy 


año c 


Problem "9.76 


See cs ud. SiS Dum ES‏ نا 
e 2‏ کا چ ime re,‏ 
pene UU Gee KASS -‏ هغه 
ER‏ ن۱! (GN‏ کل با 


da Cue su S con RO موه‎ 
CEN Siregar LU | 


2 E e A Ceuta qe: عفرو کی ده‎ ` 


oN Es راک‎ A KN که‎ Gers پا‎ 
^. ~ & t 
e m 1 a شم‎ 
m & i ES 
Go = 2. Ye Mum 22 2 = & EC. -x A tA GNU c 


“A > E 
د غه‎ 

er Nu A ېا‎ dae e os Te EX, NE 

rs HoA ده = للها‎ “es 


Pi $$ a " as a d SACR + NS Be ASS 
2.0 © -C oe Y - sal AS TERN 


Tor DS CUM Me 


که National "Brand‏ سه 


-= SAs NU 


XS E لا د > یا‎ = X ES vs 
l : > >b 
(NN Voc COE Los» w= EN " Je ax 
Loue سوت عدو‎ 
Nus Mem Streamline Plot E | 
B= (au LO 
یلا‎ EMS s CAN 
Nan. AC X E 
ze up dM SUE ېي‎ 7 
Nu A EM da. پک‎ E 
ES € - LRN - = چو‎ i bs i : 
Bo uS | 
d Ç= اد دو‎ | 
مب په‎ “a : Vi sme ۳ : | 


tuu‏ لون وا 
SA 2‏ 2 
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Problem 7 [2]‏ دد وا 
NI cu Wr cas Ag‏ یا ed.‏ دو Gaser Flo Geld Tepe‏ 
cd Grow Kal Rs pre SANs ٥ Rosa COME,‏ و سا 


lao aa. 
| هه‎ Esduadie Me eh of Sie Gas : 
| y O ORA a Seas Areas a e Upp MALE Pane - 
| Savion: For waconprescible Gao اا‎ ce 
eve, ado SAS x کا‎ AS e xv med a oe Asean M NR 
= IM = 4 
CX = Ah PLE با‎ wee EM 


Mae at ac. = 


res 
LA = "A. د‎ ON KRN = © 


“SS 


| CAEN gui both th 


Podio used ts egi.‏ ور 
d icone SUAM‏ 
غه nA FH‏ 


Ce cdidiicn یا‎ ets لحم سو‎ 
"E. a IAN > NI E AR 5 cio. A c 


"e بر ري‎ EY co. NS. 


i 


Vo a a Gao AROSA , W= ee $ nde Sal Car o 


SONS oS ANNIS EL BAV‏ دد 


Plot of Streamlines 


Distance, y (m) 


Distance, x (m) 


http://librosysolucionarios.net 


Problem *5.78 [2] 


. " 2 1 : ^ 
Gases رو وه‎ XA = CR. NS ca Ba 
چیه‎ es he os à. ey Kod 
Cee din هه‎ OF OMEN سو‎ i 


Eso ونا مه کی‎ SSAC Coe Ma eene پمک‎ 
نکل‎ Caes یک‎ choose icu alo S NAS on 
ar. همت‎ ES eee oc sm NS e. Gees Mn, Negron A AN 


SAA " N " 
For oo Aere see os = ^ FO "cos = جد‎ 

EN ANO 3i ASS = OHO =O x EE :‏ شه 

5 : = « پاد لا 

Wb = SA and Ù= SOT «O m 5 aa G‏ = قا 


AS Le? : 
I= 22x uro Br aná EGO = - E D 


ev NE EGRE MEN | NV 
کوچ مت‎ Muere are. ASIA مېا‎ H Ware که عوم د‎ añ 
Codere Y = © ee eo AZO LN as -wan = سا‎ OOV. 
Ke rules کا‎ : dai یی‎ as VE $ که پا‎ 
2 Soe رکا‎ CON اھ‎ ya کک‎ Ns دو چو ني‎ 
da e 5 Ss کت‎ 
x دسا‎ (ray a جنک‎ ^ 


_ 


Gd 


v c (ás A Ç TS + C ADA Streamline Plot 
à Als A ta NS Xe c 
AD S €. o d. 


> NR Od], 


e T 
E 

Os RA (S) > 

T= © e E | 
a 


Nae! p Luo ee هه‎ 
چک‎ GS = X د یہ‎ 
and sers We World 
د نه‎ =© 


MT ھان =9 حا سکقې‎ -o9 l 
SR = es اھ‎ te Sea = ~ EN 
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* 
E 
$ 
E 
= 
by, 
k 


Problem 9 [3] 


Gruen: Viscometric flow of Example Problem 5.7, V = Ula lh), where 
U * 4mm lS . ard با‎ * 4 mm. 


Find: (a) Average rate of (otatior of fuos line Segments at x «ro 
(5) Show that this ı5 the same as 11 the Example. 
Solution : Ons ida nes shown; U 
b V c 
8, 


z d fp s, 
Up c Ua y as (C506) > 


h 
a Ua `d 
— Waz NC -Ua )-5/n6, Component L Los $: 7 

£ To £ 15 EA: 


2 ; : 
— Was = 3o Using) sine, 


L 2y 1 
b Ub 
==. 0 
UL = Uy + Sy 92 "NS 
1 1 d —* Uy 
- Loja s Ue یيد-‎ ISIN ء‎ (b mponent ed | 
Jo Lis 0. 
Ax les à; : ; 
دچ‎ = SkÜUam)sat. au amg. > Y sir 
£ =3L ^ 
ما‎ C) = z (uae deg) -i z Ging, #510 9), = - 32 )یبا مړک‎ siatias ) 
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ETS 5 SQUARE 
TS 5 SQUARE 
TS 5 SQUARE 


Problem *5.80 [3] 


et K 
Given Veleta field V= -4 £,. * وح‎ és approximates A 
ornads, 


Is it rotational? Obtain the stream func hon. 
Solution: Apply irratationa li ty Condition, 
Basi eguaton |^ VxV-o0 OF rotational) 


I* makes sense to work in cylndricar Coordinates, 
Lo 
DU. Dead E و لر‎ 48 
T Far 6 roc 93 


Bur flew 1S in the O plane, So EA aD. Then 


VxV = (&.3.. + 212, )x( v-&- + és) 


3 ( v à IVe 2 
EE tape A Ab à, ( 


a تس‎ 
^ 2v, 2 
d Fx EL 4E A + Ve ) 
= 2Ve که‎ Or aw 
Vx kB “7 پو‎ &)- kp سی‎ ae 


Far the given flow field, Y = = Vir), so 
ary 


Fous 1s irototional, 


=i 2U, 2 3 = 
Vr 7 S pE کله‎ (3S کت‎ IY Loto 


SS, وول‎ + 4 (e) 
27 
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Problem 5.81 [3] 


Gwen, Foo eoe عې‎ Ne 


Nak په د‎ EX „omb 
Sar Nao A Ss A 3 I: + Te 
U= (SN - dia 


End, O es cess = Coe ur ete sed: o dosd EROS 
x یې‎ NX sse ena 
dy يود‎ C Ws asd Web. 


w S ES PS NS KIRA Gon 


Osean wj Sees SÉ Nokves و‎ orar (ws m 


“Base n ENG ه٢‎ SIAN هه‎ 
مه‎ GEE وه‎ 
A (7 

© = ue o 

Ve a M T 


m Luck‏ ۳ و = پا 


Ex ludas Dan 
p= (RA C RA o (EA e 
NE XC y CI e 


E LETS ES 
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Problem 5.82 


Gwen : Ador file Gor GN SEN ۹۷ هف ې‎ 
x ou S [n S Gii 


Nas Mei YA -CS | 


Fra. O Toes ex ESF and onguiar da eee A Co 
& Sas. 


dor RNOTESS ACA for e ني‎ Sedes ۹۹ 
Solon: 
AGA pies: BA and B2 of rr ® 
dune dilabion ee = UN = ERM) LOE + o 


Roles XK Wn vos A PA کھ‎ 4 eod. eK Le Reon 
cork dusediicns T.e, 3 ese ده‎ 


Anges حهصکح که‎ a8 Br, 
e Prone es x (XN 4 A aur e C 


` 38 
که ۸ ته‎ 
$ ٢ r > € 3e e > 
AM gore ك‎ y ې‎ 3 - = Vibo کد‎ 


Wwe SACK aee ek Ss دت با يچ له‎ JA 
n ٧) NE 


SA ae E ES NAAA د‎ 


=> = — 
«m په‎ = ee Mea. E 
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سه 


Problem 5.83 


Garren, Fao Swan کله‎ 
a a A Me Ne Sua 


NORIA y 
E AS NR US] ms a 


[3] 


FAN: ټم‎ Totes وا وه و ده اک‎ da eve x Roose) 
BY AS DRORLA ye CN CK AS 
KS Nocoluom c EN AONO 

Sandon: 


| ae په‎ Sor, کت‎ 
Whe یي‎ SL ece حم ییاځ‎ NS ae Sua کچھ‎ a 3 O 


کا S Se ES Plone‏ کمک SAVS cC WO.‏ یک 
ت 


NONE. dm 
bn VUE 
ول‎ ENS "eM 

us ths‏ په ros‏ په خي که 
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T 
mua Ta 


Problem 5.84 0317 


Uy? 


' vay 
Yek 3h 


J Ux 


= 


rota hon, find Maximum. 

angular elefroroa- رم‎ /ocote maximum. 
linear defer mathon, barte maximam. . 
shear Terra per unit leme, locate Maxam. 


Given : Linear Approximate veloci tey t ٥١ beundore layer, 


je ون وليه پا‎ ju. UF. =. 


Find: (A) Express 
(5b) Express 
(e) Ex press 
(d Express 


SoheHon: Work in xy plane. 


di DY خم‎ 
٠-٥9 eg ea ont: ولد‎ => > ae ^ dt NSX + oy) 
s , ou aw 
limar def: ox? oY 
Evalua hng partial derivahves, 
BME eode. y 7 ay __3 Ug oo _1 UY 
ox 2 و‎ ey cx’ co 3 x5 ay ATK 
Then 
= de - Uy? U ` U d 2 2 a] z لما‎ 
لما‎ L[-g gg -gj zL +56) (max aty=d) : 
A A مت‎ 
—d _2 ol U " = e 
22 = Fa € = xk - 26°] (max at y =0) EZ 
i 
OM ابس يي فا لا رټ‎ ie z ۱ 
an 2 کچ‎ ˆ £zy^y) (max at x5) ps - Lis 
ov £ -UF 5 U y = 
zs + ae + a nd = | (max at g=5) 


. zu? ov هه‎ U 3 77 دا‎ UJ j- 2/2 
Shear stress 15 Tyx VG Sx) ریس و - رکچ ) حر‎ | A ال‎ 
Net Shear frvet on a fluid element is nea 
=> (t 4C) duds ac 
dy | | dT a — DE e x 


“= zy dy es T 7 dy 
LA xs) ۸ک‎ 
wo wv da ds 
3 Diy Š dF 
Har 4 (max ar زۀ »د‎ ks 


ج ج جج 


Shear stress per volume us de - 
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dus 
; AM 


Problem 5.85 [2] 


Givens % Component of Velocity ın laminar boundary layer مر‎ water 
y 
u )اس‎ 7) U=3mis, 5$ =2mm 
Y Component "m much smaller than c. 


Find: (a) Express ion for net shear freee per un rf volume (n x )لك‎ | 
(b) Maximin Volue 17۳ this Flow 


; l , (T+AT) duds. 
Solution: dns «der a Smaticiement pt Fluid — 


PA e ‘iy 5 


Cox ds. 


Shear, x = (e ه7ل( لډ‎ = Tdi o5 


= dT dds = GE dxdy da 
A Fs, x _ dt d 2 
ae = RET =o Ge 
From the given profile, 
d. _TU 


d, Tu os (EF) 
ana da. 2 UL y lsin(EL 
مسب‎ c Ug) CEE) 
The mQxinim valere Ders when Y =d, When 


dF ; 
rd 2 Use) 


sh ge سوت د‎ See B m Xj 
mat ان ځک‎ Z 0.002 m 


mnax‏ ږا 
Ze" = =/85 kN [mš‏ 
/ 
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SQUARE 
SQUARE 
SQUARE 


ene 


Problem 6 [2] 


Given; Velocity profile for fully developed laminar flow ina tube 
ا ما‎ 
— =|- 
Umax Ce ) 

where Uma, = ID Feb, E » 3 10, fluid is water, 


Find: (a) Expression for shear fare per unet Volume N 3 direc tHon. 
(b) Maximum value Tor these conciions. 


So/u+ion : Cons rder a differen ha) element: [re + (re) dr] 27 ول‎ 


Then dr 
=== 
(rT) ¿Td y. 


= fee) ardrdg. ER 


spear, ۳ [ec * E E هله(‎ - rt 23 


Since dy = 2Trárdz ı then 


EETS 5 SQUARE 
HEETS 5 SQUARE 
EETS 5 SQUARE 


La pamm. EA A ٢ of 
dy " zwrdeda de ۷٩٠۷٠۸ چه‎ = fF. (rT) 


Ila cylindrica! coord nates , Tr de, Fer the d vea profi te 


T= Lr3 مرم‎ tE = A Umax e 
Subst haud 


Fe 
Us _ _ eta = Constant 
Ay R* 


Eva luahng, 


-3 
Oe, __%4,/0 N.S lo {+ (03048) ma, M6 _ 
ae "E o : Fre په‎ .449N 


oes — — 0.0134 bf /HS 
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Error 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.019 


Exact 
1.000 
0.867 
0.751 
0.651 
0.565 
0.490 
0.424 
0.368 


Error 
0.000 
0.000 
0.001 
0.001 
0.040 


(RHS) 


ooooooor 


Result 
1.000 
0.875 
0.766 
0.670 
0.586 
0.513 
0.449 
0.393 


Exact 
1.000 
0.717 
0.513 
0.368 


Problem 5.87 


m + u" = 0; 
dx 
(RHS) 

1 

0 

0 

0 
Result 
1.000 
0.750 
0.563 
0.422 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
1.143 0 
-1.000 1.143 
0.000 -1.000 

6 7 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.875 0 
0.766 0.875 
0.670 0.766 


5.87 Use Excel to generate the solution of Eq. 5.28 for m = 1 
shown in Fig. 5.16. To do so, you need to learn how to perform linear 
algebra in Excel. For example, for N = 4 you will end up with the 
matrix equation of Eq. 5.34. To solve this equation for the u values, 
you will have to compute the inverse of the 4 X 4 matrix, and then 
multiply this inverse into the 4 X 1 matrix on the right of the 
equation. In Excel, to do array operations, you must use the 
following rules: Pre-select the cells that will contain the result; use 
the appropriate Excel array function (look at Excel's Help for de- 
tails); press Ctrl+ Shift+ Enter, not just Enter. For example, to invert 
the 4 X 4 matrix you would: Pre-select a blank 4 X 4 array that will 
contain the inverse matrix; type = minverse( [array containing matrix 
to be inverted]); press Ctrl +Shift+Enter. To multiply a 4 X 4 matrix 
into a 4 X 1 matrix you would: Pre-select a blank 4 X 1 array that 
will contain the result; type mmult([array containing 4 X 4 
matrix], [array containing 4 X 1 matrix]); press Ctrl+ Shift+Enter. 


N=4 
Ax = 0.333 
Eq. 5.34 (LHS) 
1.000 0.000 0.000 0.000 
-1.000 1.333 0.000 0 
0.000 -1.000 1.333 0.000 
0.000 0.000 -1.000 1.333 
X Inverse Matrix 
0.000 1.000 0.000 0.000 0.000 
0.333 0.750 0.750 0.000 0.000 
0.667 0.563 0.563 0.750 0.000 
1.000 0.422 0.422 0.563 0 
N=8 
Ax = 0.143 
Eq. 5.34 (LHS) 
1.000 0.000 0.000 0.000 0.000 
-1.000 1.143 0.000 0.000 0 
0.000 -1.000 1.143 0.000 0.000 
0.000 0.000 -1.000 1.143 0.000 
0.000 0.000 0.000 -1.000 1.143 
0.000 0.000 0.000 0.000 -1.000 
0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 
Inverse Matrix 
x 1 2 3 4 5 
0.000 1.000 0.000 0.000 0.000 0.000 
0.143 0.875 0.875 0.000 0.000 0.000 
0.286 0.766 0.766 0.875 0.000 0.000 
0.429 0.670 0.670 0.766 0.875 0.000 
0.571 0.586 0.586 0.670 0.766 0.875 
0.714 0.513 0.513 0.586 0.670 0.766 
0.857 0.449 0.449 0.513 0.586 0.670 
1.000 0.393 0.393 0.449 0.513 0.586 
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Error 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.009 


Exact 
1.000 
0.936 
0.875 
0.819 
0.766 
0.717 
0.670 
0.627 
0.587 
0.549 
0.513 
0.480 
0.449 
0.420 
0.393 
0.368 


(RHS) 


cor‏ وهو هو هق و و هم ههو .هو هه هي 


Result 
1.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 
0.559 
0.524 
0.492 
0.461 
0.432 
0.405 
0.380 


16 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 


15 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 


14 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 


13 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 


12 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 


11 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 


10 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 


9 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 


8 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 
0.559 


7 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 
0.559 
0.524 
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6 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 
0.559 
0.524 
0.492 


5 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 
0.559 
0.524 
0,492 
0.461 


4 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 
0.559 
0.524 
0.492 
0.461 
0.432 


3 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 
0.559 
0.524 
0.492 
0.461 
0.432 
0.405 


2 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 
0.559 
0.524 
0.492 
0.461 
0.432 
0.405 
0.380 


Error 
0.040 
0.019 
0.009 


N = 16 


Ax = 0.067 Eq. 5.34 (LHS) 


1 
1.000 
-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


Inverse Matrix 
1.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 
0.559 
0.524 
0.492 
0.461 
0.432 
0.405 
0.380 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 


Es 
Fone 


O N=4 
— —N=8 
--+--N=16 
— Exact solution 


1.00 


O Actual Error 


«| east Squares Fit 


0.10 
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0.1 


& 0.01 


0.001 
0.01 


Problem 5.88 


5.88 Following the steps to convert the differential equation 
Eq. 5.28 (for m = 1) into a difference equation (for example, Eq. 
5.34 for N = 4), solve 

du 2. , 

— +u=2sin(x) 0zxzI u(0) = 0 

dx 
for N = 4, 8, and 16 and compare to the exact solution 


Uexact sin(x) ^ cos(x) + e * 


Hints: Follow the rules for Excel array operations as described in 
Problem 5.87. Only the right side of the difference equations will . 
change, compared to the solution method of Ea. 5.28 (for New Eq. 9:34: TUF (1+ Axu; =2Ax- sin(x,) 
example, only the right side of Eq. 5.34 needs modifying). 
N=4 
Ax = 0.333 
Eq. 5.34 (LHS) (RHS) 
1.000 0.000 0.000 0.000 0 
-1.000 1.333 0.000 0 0.21813 
0.000 -1.000 1.333 0.000 0.41225 
0.000 0.000 -1.000 1.333 0.56098 
X Inverse Matrix Result Exact Error 
0.000 1.000 0.000 0.000 0 0.000 0.000 0.000 
0.333 0.750 0.750 0.000 0 0.164 0.099 0.001 
0.667 0.563 0.563 0.750 0 0.432 0.346 0.002 
1.000 0.422 0.422 0.563 0 0.745 0.669 0.001 
0.066 
N=8 
Ax = 0.143 
Eq. 5.34 (LHS) (RHS) 
1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0 
-1.000 1.143 0.000 0.000 0.000 0.000 0.000 0.000 0.04068 
0.000 -1.000 1.143 0.000 0.000 0.000 0.000 0.000 0.08053 
0.000 0.000 -1.000 1.143 0.000 0.000 0.000 0.000 0.11873 
0.000 0.000 0.000 -1.000 1.143 0.000 0.000 0.000 0.15452 
0.000 0.000 0.000 0.000 -1.000 1.143 0.000 0.000 0.18717 
0.000 0.000 0.000 0.000 0.000 -1.000 1.143 0.000 0.21599 
0.000 0.000 0.000 0.000 0.000 0.000 -1.000 1.143 0.24042 
Inverse Matrix 
x 1 2 3 4 5 6 7 8 Result Exact Error 
0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.143 0.875 0.875 0.000 0.000 0.000 0.000 0.000 0.000 0.036 0.019 0.000 
0.286 0.766 0.766 0.875 0.000 0.000 0.000 0.000 0.000 0.102 0.074 0.000 
0.429 0.670 0.670 0.766 0.875 0.000 0.000 0.000 0.000 0.193 0.157 0.000 
0.571 0.586 0.586 0.670 0.766 0.875 0.000 0.000 0.000 0.304 0.264 0.000 
0.714 0.513 0.513 0.586 0.670 0.766 0.875 0.000 0 0.430 0.389 0.000 
0.857 0.449 0.449 0.513 0.586 0.670 0.766 0.875 0.000 0.565 0.526 0.000 
1.000 0.393 0.393 0.449 0.513 0.586 0.670 0.766 0.875 0.705 0.669 0.000 


0.032 
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Error 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.016 


Exact 
0.000 
0.004 
0.017 
0.037 
0.065 
0.099 
0.139 
0.184 
0.234 
0.288 
0.346 
0.407 
0.470 
0.535 
0.602 
0.669 


(RHS) 
0 
0.00888 
0.01773 
0.02649 
0.03514 
0.04363 
0.05192 
0.05999 
0.06779 
0.07529 
0.08245 
0.08925 
0.09565 
0.10162 
0.10715 
0.1122 


Result 
0.000 
0.008 
0.024 
0.048 
0.078 
0.114 
0.155 
0.202 
0.253 
0.308 
0.366 
0.426 
0.489 
0.554 
0.620 
0.686 


16 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 


15 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 


14 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 


13 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 


12 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 


11 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 


10 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 


9 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 


8 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 
0.559 


7 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 
0.559 
0.524 
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6 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 
0.559 
0.524 
0.492 


5 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 
0.559 
0.524 
0.492 
0.461 


4 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 
0.559 
0.524 
0.492 
0.461 
0.432 


3 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 
0.559 
0.524 
0.492 
0.461 
0.432 
0.405 


2 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 
0.559 
0.524 
0.492 
0.461 
0.432 
0.405 
0.380 


Error 
0.066 
0.032 
0.016 


N = 16 


Ax = 0.067 Eq. 5.34 (LHS) 


1 
1.000 
-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


Inverse Matrix 
1.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 
0.559 
0.524 
0.492 
0.461 
0.432 
0.405 
0.380 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 


Es 
Fone 


O N=4 
— —N-8 
--+--N=16 
0.0 0.2 = Exact solution 0.8 1.0 


O Actual Error 


«| cast Squares Fit 


.01 0.10 1.00 
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Problem 9 


5.89 Following the steps to convert the differential equation 
Eq. 5.28 (for m = 1) into a difference equation (for example, Eq. 
5.34 for N = 4), solve 

du 

—+u=x O=x<l u(0) = 2 

dx 
For N = 4, 8, and 16 and compare to the extract solution 


" 


Uexact =X — 2x +2 > 
Hint: Follow the hints provided in Problem 5.88. د وس دوهی‎ 0 E Ax)u; TAKIR, 
N=4 
Ax = 0.333 
Eq. 5.34 (LHS) (RHS) 
1.000 0.000 0.000 0.000 2 
-1.000 1.333 0.000 0.000 0.03704 
0.000 -1.000 1.333 0.000 0.14815 
0.000 0.000 -1.000 1.333 0.33333 
X Inverse Matrix Result Exact Error 
0.000 1.000 0.000 0.000 0 2.000 2.000 0.000 
0.333 0.750 0.750 0.000 0.000 1.528 1.444 0.002 
0.667 0.563 0.563 0.750 0.000 1.257 1.111 0.005 
1.000 0.422 0.422 0.563 0.750 1.193 1.000 0.009 
0.128 
N=8 
Ax = 0.143 
Eq. 5.34 (LHS) (RHS) 
1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2 
-1.000 1.143 0.000 0.000 0.000 0.000 0.000 0.000 0.00292 
0.000 -1.000 1.143 0.000 0.000 0.000 0.000 0.000 0.01166 
0.000 0.000 -1.000 1.143 0.000 0.000 0.000 0.000 0.02624 
0.000 0.000 0.000 -1.000 1.143 0.000 0.000 0.000 0.04665 
0.000 0.000 0.000 0.000 -1.000 1.143 0.000 0.000 0.07289 
0.000 0.000 0.000 0.000 0.000 -1.000 1.143 0.000 0.10496 
0.000 0.000 0.000 0.000 0.000 0.000 -1.000 1.143 0.14286 
Inverse Matrix 
X 1 2 3 4 5 6 7 8 Result Exact Error 
0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2.000 2.000 0.000 
0.143 0.875 0.875 0.000 0.000 0.000 0.000 0.000 0.000 1.753 1.735 0.000 
0.286 0.766 0.766 0.875 0.000 0.000 0.000 0.000 0.000 1.544 1.510 0.000 
0.429 0.670 0.670 0.766 0.875 0.000 0.000 0.000 0.000 1.374 1.327 0.000 
0.571 0.586 0.586 0.670 0.766 0.875 0.000 0.000 0.000 1.243 1.184 0.000 
0.714 0.513 0.513 0.586 0.670 0.766 0.875 0.000 0.000 1.151 1.082 0.001 
0.857 0.449 0.449 0.513 0.586 0.670 0.766 0.875 0.000 1.099 1.020 0.001 
1.000 0.393 0.393 0.449 0.513 0.586 0.670 0.766 0.875 1.087 1.000 0.001 
0.057 
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Error 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.027 


Exact 
2.000 
1.871 
1.751 
1.640 
1.538 
1.444 
1.360 
1.284 
1.218 
1.160 
1.111 
1.071 
1.040 
1.018 
1.004 
1.000 


(RHS) 
2 
0.0003 
0.00119 
0.00267 
0.00474 
0.00741 
0.01067 
0.01452 
0.01896 
0.024 
0.02963 
0.03585 
0.04267 
0.05007 
0.05807 
0.06667 


Result 
2.000 
1.875 
1.759 
1.652 
1.553 
1.463 
1.381 
1.309 
1.245 
1.189 
1.143 
1.105 
1.076 
1.056 
1.044 
1.041 


16 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 


15 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 


14 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 


13 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 


11 12 
0.000 0 
0.000 0.000 
0.000 0 
0.000 0 
0.000 0 
0.000 0 
0.000 0 
0.000 0 
0.000 0.000 
0.000 0 
1.067 0 

-1.000 67 
0.000 -1.000 
0.000 0 
0.000 0 
0.000 0 


0.000 0 
0.000 0 
0.000 0 
0.000 0 
0.000 0 
0.000 0 
0.000 0 
0.000 0 
0.000 0 
0.000 0.000 
0.938 0.000 
0.879 8 
0.824 9 
0.772 4 
0.724 0.772 
0.679 4 


10 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 


9 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 


8 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 
0.559 


7 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 
0.559 
0.524 
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6 
0.000 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 
0.559 
0.524 
0.492 


5 
0.000 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 
0.559 
0.524 
0.492 
0.461 


4 
0.000 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 
0.559 
0.524 
0.492 
0.461 
0.432 


3 
0.000 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 
0.559 
0.524 
0.492 
0.461 
0.432 
0.405 


2 
0.000 
1.067 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 
0.559 
0.524 
0.492 
0.461 
0.432 
0.405 
0.380 


Error 
0.128 
0.057 
0.027 


N = 16 


Ax = 0.067 Eq. 5.34 (LHS) 


1 
1.000 
-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


Inverse Matrix 
1.000 
0.938 
0.879 
0.824 
0.772 
0.724 
0.679 
0.637 
0.597 
0.559 
0.524 
0.492 
0.461 
0.432 
0.405 
0.380 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 


s 
Dorz 


O N=4 
— —N=8 
--+--N=16 
0.0 0.2 0.4 x |= Exact solution 1.0 


O Actual Error 


«| cast Squares Fit 


.01 0.10 1.00 
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Problem 5.90 


0.4 N + s/m?, and the thickness of 


5.90 A 10-cm cube of mass M = 5 kg is sliding across an oiled 


surface. The oil viscosity is 4 du du 
the oil between the cube and surface is 6 = 0.25 mm. If the initial Equation of motion: M 7 7# dy د دن‎ 
speed of the block is uo = 1 m/s, use the numerical method that du uA 
was applied to the linear form of Eq. 5.28 to predict the cube w + E 5 Ju =0 
motion for the first second of motion, Use N = 4, 8, and 16 and du 
compare to the exact solution dt kou = 0 
Uexact = 6٥ (AuJM à)t 
where A is the area of contact. Hint: Follow the hints provided in New Eq. 5.34: -u,,* (Le k- Ax)u, =0 
Problem 5.87. 
N=4 A= 001 m 
At — 0.333 6= 0.25 mm 
Eq. 5.34 (LHS) (RHS) u= 0.4 N.s/m 
1.000 0.000 0.000 0.000 1 M= 5 kg 
-1.000 2.067 0.000 0.000 0 k= 32 $ 
0.000 -1.000 2.067 0.000 0 
0.000 0.000 -1.000 2.067 0 
t Inverse Matrix Result Exact Error 
0.000 1.000 0.000 0.000 0 1.000 1.000 0.000 
0.333 0.484 0.484 0.000 0.000 0.484 0.344 0.005 
0.667 0.234 0.234 0.484 0.000 0.234 0.118 0.003 
1.000 0.113 0.113 0.234 0.484 0.113 0.041 0.001 
0.098 
N=8 
At = 0.143 
Eq. 5.34 (LHS) (RHS) 
1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1 
-1.000 1.457 0.000 0.000 0.000 0.000 0.000 0 0 
0.000 -1.000 1.457 0.000 0.000 0.000 0.000 0.000 0 
0.000 0.000 -1.000 1.457 0.000 0.000 0.000 0.000 0 
0.000 0.000 0.000 -1.000 1.457 0.000 0.000 0 0 
0.000 0.000 0.000 0.000 -1.000 1.457 0.000 0.000 0 
0.000 0.000 0.000 0.000 0.000 -1.000 1.457 0 0 
0.000 0.000 0.000 0.000 0.000 0.000 -1.000 7 0 
Inverse Matrix 
t 1 2 3 4 5 6 7 8 Result Exact Error 
0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 1.000 0.000 
0.143 0.686 0.686 0.000 0.000 0.000 0.000 0.000 0.000 0.686 0.633 0.000 
0.286 0.471 0.471 0.686 0.000 0.000 0.000 0.000 0.000 0.471 0.401 0.001 
0.429 0.323 0.323 0.471 0.686 0.000 0.000 0.000 0 0.323 0.254 0.001 
0.571 0.222 0.222 0.323 0.471 0.686 0.000 0.000 0 0.222 0.161 0.000 
0.714 0.152 0.152 0.222 0.323 0.471 0.686 0.000 0 0.152 0.102 0.000 
0.857 0.104 0.104 0.152 0.222 0.323 0.471 0.686 0.000 0.104 0.064 0.000 
1.000 0.072 0.072 0.104 0.152 0.222 0.323 0.471 6 0.072 0.041 0.000 
0.052 
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Error 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.027 


Exact 
1.000 
0.808 
0.653 
0.527 
0.426 
0.344 
0.278 
0.225 
0.181 
0.147 
0.118 
0.096 
0.077 
0.062 
0.050 
0.041 


نا ناسا سا کے اساا ما سه ت اس اسا سا سا لسا اسا 


Result 
1.000 
0.824 
0.679 
0.560 
0.461 
0.380 
0.313 
0.258 
0.213 
0.175 
0.145 
0.119 
0.098 
0.081 
0.067 
0.055 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.213 
-1.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.824 
0.679 
0.560 


13 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.213 

-1.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.824 
0.679 
0.560 
0.461 


11 12 
0.000 0 
0.000 0.000 
0.000 0 
0.000 0 
0.000 0 
0.000 0 
0.000 0 
0.000 0 
0.000 0 
0.000 0 
1.213 0 

-1.000 1.213 
0.000 -1.000 
0.000 0 
0.000 0 
0.000 0 


0.000 0 
0.000 0 
0.000 0 
0.000 0 
0.000 0 
0.000 0 
0.000 0 
0.000 0.000 
0.000 0 
0.000 0 
0.824 0.000 
0.679 4 
0.560 9 
0.461 0 
0.380 0.461 
0.313 0 


10 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.213 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.824 
0.679 
0.560 
0.461 
0.380 
0.313 
0.258 


9 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.213 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.824 
0.679 
0.560 
0.461 
0.380 
0.313 
0.258 
0.213 


8 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.213 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.824 
0.679 
0.560 
0.461 
0.380 
0.313 
0.258 
0.213 
0.175 


7 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.213 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.824 
0.679 
0.560 
0.461 
0.380 
0.313 
0.258 
0.213 
0.175 
0.145 
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6 
0.000 
0.000 
0.000 
0.000 
0.000 
1.213 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.824 
0.679 
0.560 
0.461 
0.380 
0.313 
0.258 
0.213 
0.175 
0.145 
0.119 


5 
0.000 
0.000 
0.000 
0.000 
1.213 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
0.824 
0.679 
0.560 
0.461 
0.380 
0.313 
0.258 
0.213 
0.175 
0.145 
0.119 
0.098 


4 
0.000 
0.000 
0.000 
1.213 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.824 
0.679 
0.560 
0.461 
0.380 
0.313 
0.258 
0.213 
0.175 
0.145 
0.119 
0.098 
0.081 


3 
0.000 
0.000 
1.213 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.824 
0.679 
0.560 
0.461 
0.380 
0.313 
0.258 
0.213 
0.175 
0.145 
0.119 
0.098 
0.081 
0.067 


2 
0.000 
1.213 

-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.824 
0.679 
0.560 
0.461 
0.380 
0.313 
0.258 
0.213 
0.175 
0.145 
0.119 
0.098 
0.081 
0.067 
0.055 


Error 
0.098 
0.052 
0.027 


N = 16 


At = 0.067 Eq. 5.34 (LHS) 


1 
1.000 
-1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


Inverse Matrix 
1.000 
0.824 
0.679 
0.560 
0.461 
0.380 
0.313 
0.258 
0.213 
0.175 
0.145 
0.119 
0.098 
0.081 
0.067 
0.055 


At 
0.333 
0.143 
0.067 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 


E 
Dorz 


O N=4 
— —N=8 
--+--N=16 
— Exact solution 


t (s) 


O Actual Error 


«| cast Squares Fit 


0.01 0.10 1.00 
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Problem 5.91 


5.91 Use Excel to generate the solutions of Eq. 5.28 for m = 2 u. +Axu2 
: : : — gia ER 
shown in Fig. 5.19. MS i 
1+ 2Axu " 
Ax = 0.333 
X 
Iteration 0.000 0.333 0.667 1.000 
0 1.000 1.000 1.000 1.000 Residuals 
1 1.000 0.800 0.800 0.800 0.204 
2 1.000 0.791 0.661 0.661 0.127 
3 1.000 0.791 0.650 0.560 0.068 
4 1.000 0.791 0.650 0.550 0.007 
5 1.000 0.791 0.650 0.550 0.000 
6 1.000 0.791 0.650 0.550 0.000 
Exact 1.000 0.750 0.600 0.500 
1E+00 
1E-01 
1E-02 O Iterations = 2 
1E-03 O Iterations = 4 
x 1E-04 = = = Iterations = 6 
5 — Exact Solution 
B 16-05 
E 
غڅ‎ 6 
18-07 
1E-08 
1E-09 
1E-10 
0 1 2 3 4 5 6 
Iteration N x 
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Problem 2 


5.92 Use Excel to generate the solutions of Eq. 5.28 for m = 2, u. +Axu? 
as shown in Fig. 5.19, except use 16 points and as many iterations = La 3i 
às necessary to obtain reasonable convergence. 1+ 2۸ 
Ax = 0.0667 
x 
Iteration 0.000 0.067 0.133 0.200 0.267 0.333 0.400 0.467 0.533 0.600 0.667 0.733 0.800 0.867 0.933 1.000 
0 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1 1.000 0.941 0.941 0.941 0.941 0.941 0.941 0.941 0.941 0.941 0.941 0.941 0.941 0.941 0.941 0.941 
2 1.000 0.941 0.889 0.889 0.889 0.889 0.889 0.889 0.889 0.889 0.889 0.889 0.889 0.889 0.889 0.889 
3 1.000 0.941 0.888 0.842 0.842 0.842 0.842 0.842 0.842 0.842 0.842 0.842 0.842 0.842 0.842 0.842 
4 1.000 0.941 0.888 0.841 0.799 0.799 0.799 0.799 0.799 0.799 0.799 0.799 0.799 0.799 0.799 0.799 
5 1.000 0.941 0.888 0.841 0.799 0.761 0.761 0.761 0.761 0.761 0.761 0.761 0.761 0.761 0.761 0.761 
6 1.000 0.941 0.888 0.841 0.799 0.760 0.726 0.726 0.726 0.726 0.726 0.726 0.726 0.726 0.726 0.726 
7 1.000 0.941 0.888 0.841 0.799 0.760 0.725 0.694 0.694 0.694 0.694 0.694 0.694 0.694 0.694 0.694 
8 1.000 0.941 0.888 0.841 0.799 0.760 0.725 0.693 0.664 0.664 0.664 0.664 0.664 0.664 0.664 0.664 
9 1.000 0.941 0.888 0.841 0.799 0.760 0.725 0.693 0.664 0.637 0.637 0.637 0.637 0.637 0.637 0.637 
10 1.000 0.941 0.888 0.841 0.799 0.760 0.725 0.693 0.664 0.637 0.612 0.612 0.612 0.612 0.612 0.612 
11 1.000 0.941 0.888 0.841 0.799 0.760 0.725 0.693 0.664 0.637 0.612 0.589 0.589 0.589 0.589 0.589 
12 1.000 0.941 0.888 0.841 0.799 0.760 0.725 0.693 0.664 0.637 0.612 0.589 0.568 0.568 0.568 0.568 
13 1.000 0.941 0.888 0.841 0.799 0.760 0.725 0.693 0.664 0.637 0.612 0.589 0.567 0.548 0.548 0.548 
14 1.000 0.941 0.888 0.841 0.799 0.760 0.725 0.693 0.664 0.637 0.612 0.589 0.567 0.547 0.529 0.529 
15 1.000 0.941 0.888 0.841 0.799 0.760 0.725 0.693 0.664 0.637 0.612 0.589 0.567 0.547 0.529 0.512 
16 1.000 0.941 0.888 0.841 0.799 0.760 0.725 0.693 0.664 0.637 0.612 0.589 0.567 0.547 0.529 0.511 
17 1.000 0.941 0.888 0.841 0.799 0.760 0.725 0.693 0.664 0.637 0.612 0.589 0.567 0.547 0.529 0.511 
18 1.000 0.941 0.888 0.841 0.799 0.760 0.725 0.693 0.664 0.637 0.612 0.589 0.567 0.547 0.529 0.511 
19 1.000 0.941 0.888 0.841 0.799 0.760 0.725 0.693 0.664 0.637 0.612 0.589 0.567 0.547 0.529 0.511 
20 1.000 0.941 0.888 0.841 0.799 0.760 0.725 0.693 0.664 0.637 0.612 0.589 0.567 0.547 0.529 0.511 
21 1.000 0.941 0.888 0.841 0.799 0.760 0.725 0.693 0.664 0.637 0.612 0.589 0.567 0.547 0.529 0.511 
22 1.000 0.941 0.888 0.841 0.799 0.760 0.725 0.693 0.664 0.637 0.612 0.589 0.567 0.547 0.529 0.511 
23 1.000 0.941 0.888 0.841 0.799 0.760 0.725 0.693 0.664 0.637 0.612 0.589 0.567 0.547 0.529 0.511 
24 1.000 0.941 0.888 0.841 0.799 0.760 0.725 0.693 0.664 0.637 0.612 0.589 0.567 0.547 0.529 0.511 
25 1.000 0.941 0.888 0.841 0.799 0.760 0.725 0.693 0.664 0.637 0.612 0.589 0.567 0.547 0.529 0.511 
26 1.000 0.941 0.888 0.841 0.799 0.760 0.725 0.693 0.664 0.637 0.612 0.589 0.567 0.547 0.529 0.511 
27 1.000 0.941 0.888 0.841 0.799 0.760 0.725 0.693 0.664 0.637 0.612 0.589 0.567 0.547 0.529 0.511 
28 1.000 0.941 0.888 0.841 0.799 0.760 0.725 0.693 0.664 0.637 0.612 0.589 0.567 0.547 0.529 0.511 
29 1.000 0.941 0.888 0.841 0.799 0.760 0.725 0.693 0.664 0.637 0.612 0.589 0.567 0.547 0.529 0.511 
30 1.000 0.941 0.888 0.841 0.799 0.760 0.725 0.693 0.664 0.637 0.612 0.589 0.567 0.547 0.529 0.511 
Exact 1.000 0.938 0.882 0.833 0.789 0.750 0.714 0.682 0.652 0.625 0.600 0.577 0.556 0.536 0.517 0.500 
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o Iterations = 10 
o Iterations = 20 
- - - Iterations = 30 
—— Exact Solution 
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2.000 
2.000 
1.931 
1.859 
1.785 
1.707 
1.625 
1.539 
1.447 
1.348 
1.242 
1.124 
0.991 
0.836 
0.639 
0.329 
2.061 
0.795 
0.034 
-0.016 
-0.034 
-0.070 
-0.160 
-1.332 
0.797 
-0.182 
-0.584 
1.734 
0.097 
0.178 
0.572 
-19.981 
0.637 
-0.234 
-1.108 
0.255 
1.023 
-0.366 
132.420 
-0.416 
27.391 
0.545 
-0.510 
1.749 
0.802 
0.044 
0.252 
0.394 
-2.929 
0.542 
-0.918 
0.322 
3.048 
-0.180 
-0.402 
-2.886 
1.025 
0.122 
2.526 
0.520 
-0.509 
1.962 


0.000 


Ax 
1-44 
Us, 
ü 2Ax 
ja 
= Us, 
Ug, 

1.733 1.867 
2.000 2.000 
1.931 1.931 
1.859 1.859 
1.785 1.785 
1.707 1.707 
1.625 1.625 
1.539 1.539 
1.447 1.447 
1.348 1.348 
1.242 1.242 
1.124 1.124 
0.991 0.991 
0.836 0.836 
0.639 0.639 
0.601 0.329 
0.599 0.899 
0.599 0.363 
0.599 9.602 
0.599 0.572 
0.599 0.225 
0.599 0.359 
0.599 3.969 
0.599 0.537 
0.599 0.191 
0.599 0.300 
0.599 0.600 
0.599 0.246 
0.599 0.403 
0.599 -0.345 
0.599 -11.373 
0.599 0.623 
0.599 0.261 
0.599 0.442 
0.599 -0.013 
0.599 -0.027 
0.599 -0.059 
0.599 -0.136 
0.599 -0.414 
0.599 5.624 
0.599 0.554 
0.599 0.209 
0.599 0.329 
0.599 0.919 
0.599 0.367 
0.599 -11.148 
0.599 0.624 
0.599 0.262 
0.599 0.443 
0.599 -0.010 
0.599 -0.019 
0.599 -0.041 
0.599 -0.090 
0.599 -0.231 
0.599 -1.171 
0.599 0.916 
0.599 0.366 
0.599 -18.029 
0.599 0.614 
0.599 0.256 
0.599 0.426 
0.599 -0.097 
0.730 0.516 


1.600 
2.000 
1.931 
1.859 
1.785 
1.707 
1.625 
1.539 
1.447 
1.348 
1.242 
1.124 
0.991 
0.836 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 
0.822 


0.894 


u; Ui ند‎ 0 

Ax u; 
U; Ui + 1 - uj Uy, 

Ax Us, Us, 
i-is 1 Vig 

Ax Us, Us, 
1.200 1.333 1.467 
2.000 2.000 2.000 
1.931 1.931 1.931 
1.859 1.859 1.859 
1.785 1.785 1.785 
1.707 1.707 1.707 
1.625 1.625 1.625 
1.539 1.539 1.539 
1.447 1.447 1.447 
1.348 1.348 1.348 
1.242 1.242 1.242 
1.239 1.124 1.124 
1.239 1.120 0.991 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.239 1.120 0.984 
1.265 1.155 1.033 


1.067 
2.000 
1.931 
1.859 
1.785 
1.707 
1.625 
1.539 
1.447 
1.348 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 
1.346 


1.366 


x 
0.933 
2.000 
1.931 
1.859 
1.785 
1.707 
1.625 
1.539 
1.447 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 
1.445 


1.461 


Problem 5.93 


0.800 
2.000 
1.931 
1.859 
1.785 
1.707 
1.625 
1.539 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 
1.538 


1.549 


Au, =u; ار‎ 


0.667 
2.000 
1.931 
1.859 
1.785 
1.707 
1.625 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 
1.624 


1.633 
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0.533 
2.000 
1.931 
1.859 
1.785 
1.707 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 
1.706 


1.713 


=i 


5.93 Use Excel to generate the solutions of Eq. 5.28 for m 
2, using four and 16 points, with sufficient iterations, 


with u(0) 


and compare to the exact solution 
Uexact 
To do so, follow the steps described in "Dealing with Nonlinear- 
ity" section. 
Ax= 0.667 

Iteration 0.000 0.667 1.333 2.000 
0 2.000 2.000 2.000 2.000 
1 2.000 1.600 1.600 1.600 
2 2.000 1.577 1.037 1.037 
3 2.000 1.577 0.767 -0.658 
4 2.000 1.577 1.211 -5.158 
5 2.000 1.577 0.873 1.507 
6 2.000 1.577 0.401 -0.017 

Exact 2.000 1.633 1.155 0.000 
= 0.133 

Iteration 0.000 0.133 0.267 0.400 
0 2.000 2.000 2.000 2.000 
1 2.000 1.931 1.931 1.931 
2 2.000 1.931 1.859 1.859 
3 2.000 1.931 1.859 1.785 
4 2.000 1.931 1.859 1.785 
5 2.000 1.931 1.859 1.785 
6 2.000 1.931 1.859 1.785 
7 2.000 1.931 1.859 1.785 
8 2.000 1.931 1.859 1.785 
9 2.000 1.931 1.859 1.785 
10 2.000 1.931 1.859 1.785 
11 2.000 1.931 1.859 1.785 
12 2.000 1.931 1.859 1.785 
13 2.000 1.931 1.859 1.785 
14 2.000 1.931 1.859 1.785 
15 2.000 1.931 1.859 1.785 
16 2.000 1.931 1.859 1.785 
17 2.000 1.931 1.859 1.785 
18 2.000 1.931 1.859 1.785 
19 2.000 1.931 1.859 1.785 
20 2.000 1.931 1.859 1.785 
21 2.000 1.931 1.859 1.785 
22 2.000 1.931 1.859 1.785 
23 2.000 1.931 1.859 1.785 
24 2.000 1.931 1.859 1.785 
25 2.000 1.931 1.859 1.785 
26 2.000 1.931 1.859 1.785 
27 2.000 1.931 1.859 1.785 
28 2.000 1.931 1.859 1.785 
29 2.000 1.931 1.859 1.785 
30 2.000 1.931 1.859 1.785 
31 2.000 1.931 1.859 1.785 
32 2.000 1.931 1.859 1.785 
33 2.000 1.931 1.859 1.785 
34 2.000 1.931 1.859 1.785 
35 2.000 1.931 1.859 1.785 
36 2.000 1.931 1.859 1.785 
37 2.000 1.931 1.859 1.785 
38 2.000 1.931 1.859 1.785 
39 2.000 1.931 1.859 1.785 
40 2.000 1.931 1.859 1.785 
41 2.000 1.931 1.859 1.785 
42 2.000 1.931 1.859 1.785 
43 2.000 1.931 1.859 1.785 
44 2.000 1.931 1.859 1.785 
45 2.000 1.931 1.859 1.785 
46 2.000 1.931 1.859 1.785 
47 2.000 1.931 1.859 1.785 
48 2.000 1.931 1.859 1.785 
49 2.000 1.931 1.859 1.785 
50 2.000 1.931 1.859 1.785 
51 2.000 1.931 1.859 1.785 
52 2.000 1.931 1.859 1.785 
53 2.000 1.931 1.859 1.785 
54 2.000 1.931 1.859 1.785 
55 2.000 1.931 1.859 1.785 
56 2.000 1.931 1.859 1.785 
57 2.000 1.931 1.859 1.785 
58 2.000 1.931 1.859 1.785 
59 2.000 1.931 1.859 1.785 
60 2.000 1.931 1.859 1.785 

Exact 2.000 1.932 1.862 1.789 


O Iterations = 2 

O Iterations = 4 

= = = Iterations = 6 
Exact Solution 


O Iterations = 20 
O Iterations = 40 
= = = Iterations = 60 


Exact Solution 
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Problem 5.94 


5.94 You (someone whose mass is M = 70 kg) fall into a fast Where k = 10 N» s”/m? is a constant indicating the drag of the du 2 
moving river (the speed of the water is U 7.5 m/s). The water. Use Excel to generate and plot your speed versus time (for M—= k(U = ) Vi 2v, V; =g 
equation of motion for your speed u is the first 10 s) using the same approach as the solutions of Eq. 5.28 dt k 
E for m 2, as shown in Fig. 5.19, except use 16 points and as v=U-u Vi Via 4 (v v. ) 0 
سر‎ KU- u)? many iterations as necessary to obtain reasonable convergence. dvd M BF d 
dt f Compare your results to the exact solution. vee 
2 
kU?t = dv _ 2م‎ Gia += Atv, 
“esa M+ kUI dt Yi 
Hint: Use a substitution for (U — u) so the equation of motion dv k " 1+2— Atv, 
looks similar to Eq. 5.28. dt * mM” =0 
At= 1.000 = 10  Ns'/m 
M= 70 kg 
Iteration 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
0 7.500 7.500 7.500 7.500 7.500 7.500 7.500 7.500 7.500 7.500 7.500 7.500 7.500 7.500 7.500 7.500 
1 7.500 4.943 4.943 4.943 4.943 4.943 4.943 4.943 4.943 4.943 4.943 4.943 4.943 4.943 4.943 4.943 
2 7.500 4.556 3.496 3.496 3.496 3.496 3.496 3.496 3.496 3.496 3.496 3.496 3.496 3.496 3.496 3.496 
3 7.500 4.547 3.153 2.623 2.623 2.623 2.623 2.623 2.623 2.623 2.623 2.623 2.623 2.623 2.623 2.623 
4 7.500 4.547 3.139 2.364 2.061 2.061 2.061 2.061 2.061 2.061 2.061 2.061 2.061 2.061 2.061 2.061 
5 7.500 4.547 3.139 2.350 .870 1.679 1.679 .679 1.679 1.679 1.679 1.679 1.679 1.679 1.679 1.679 
6 7.500 4.547 3.139 2.350 .857 1.536 1.407 .407 1.407 1.407 1.407 1.407 1.407 1.407 1.407 1.407 
7 7.500 4.547 3.139 2.350 1.857 1.525 1.297 .205 1.205 1.205 1.205 1.205 1.205 1.205 1.205 1.205 
8 7.500 4.547 3.139 2.350 .857 1.525 1.288 .119 1.051 1.051 1.051 1.051 1.051 1.051 1.051 1.051 
9 7.500 4.547 3.139 2.350 .857 1.525 1.288 .112 0.982 0.930 0.930 0.930 0.930 0.930 0.930 0.930 
10 7.500 4.547 3.139 2.350 .857 1.525 1.288 «112 0.976 0.874 0.832 0.832 0.832 0.832 0.832 0.832 
11 7.500 4,547 3.139 2.350 1.857 1.525 1.288 AEP 0.976 0.868 0.786 0.752 0.752 0.752 0.752 0.752 
12 7.500 4,547 3.139 2.350 1.857 1.525 1.288 .112 0.976 0.868 0.781 0.713 0.686 0.686 0.686 0.686 
13 7.500 4.547 3.139 2.350 .857 1.525 1.288 112 0.976 0.868 0.781 0.709 0.653 0.629 0.629 0.629 
14 7.500 4.547 3.139 2.350 .857 1.525 1.288 .112 0.976 0.868 0.781 0.709 0.649 0.601 0.581 0.581 
15 7.500 4.547 3.139 2.350 1.857 1.525 1.288 112 0.976 0.868 0.781 0.709 0.649 0.598 0.557 0.540 
16 7.500 4.547 3.139 2.350 1.857 1.525 1.288 .112 0.976 0.868 0.781 0.709 0.649 0.598 0.554 0.519 
17 7.500 4.547 3.139 2.350 1.857 1.525 1.288 .112 0.976 0.868 0.781 0.709 0.649 0.598 0.554 0.516 
18 7.500 4.547 3.139 2.350 .857 1.525 1.288 ¿112 0.976 0.868 0.781 0.709 0.649 0.598 0.554 0.516 
19 7.500 4.547 3.139 2.350 1.857 1.525 1.288 12 0.976 0.868 0.781 0.709 0.649 0.598 0.554 0.516 
20 7.500 4,547 3.139 2.350 1.857 1.525 1.288 .112 0.976 0.868 0.781 0.709 0.649 0.598 0.554 0.516 
21 7.500 4.547 3.139 2.350 .857 1.525 1.288 ¿112 0.976 0.868 0.781 0.709 0.649 0.598 0,554 0.516 
22 7.500 4,547 3.139 2.350 .857 1.525 1.288 .112 0.976 0.868 0.781 0.709 0.649 0.598 0.554 0.516 
23 7.500 4.547 3.139 2.350 1.857 1.525 1.288 112 0.976 0.868 0.781 0.709 0.649 0.598 0.554 0.516 
24 7.500 4.547 3.139 2.350 1.857 1.525 1.288 112 0.976 0.868 0.781 0.709 0.649 0.598 0.554 0.516 
25 7.500 4.547 3.139 2.350 1.857 1.525 1.288 .112 0.976 0.868 0.781 0.709 0.649 0.598 0.554 0.516 
26 7.500 4.547 3.139 2.350 .857 1.525 1.288 112 0.976 0.868 0.781 0.709 0.649 0.598 0.554 0.516 
27 7.500 4.547 3.139 2.350 1.857 1.525 1.288 .112 0.976 0.868 0.781 0.709 0.649 0.598 0.554 0.516 
28 7.500 4.547 3.139 2.350 1.857 1.525 1.288 :112 0.976 0.868 0.781 0.709 0.649 0.598 0.554 0.516 
29 7.500 4.547 3.139 2.350 .857 1.525 1.288 .112 0.976 0.868 0.781 0.709 0.649 0.598 0.554 0.516 
30 7.500 4.547 3.139 2.350 1.857 1.525 1.288 .112 0.976 0.868 0.781 0.709 0.649 0.598 0.554 0.516 
31 7.500 4.547 3.139 2.350 1.857 1.525 1.288 .112 0.976 0.868 0.781 0.709 0.649 0.598 0.554 0.516 
32 7.500 4.547 3.139 2.350 1.857 1.525 1.288 .112 0.976 0.868 0.781 0.709 0.649 0.598 0.554 0.516 
33 7.500 4.547 3.139 2.350 1.857 1.525 1.288 .112 0.976 0.868 0.781 0.709 0.649 0.598 0.554 0.516 
34 7.500 4.547 3.139 2.350 1.857 1.525 1.288 ¿112 0.976 0.868 0.781 0.709 0.649 0.598 0.554 0.516 
35 7.500 4.547 3.139 2.350 1.857 1.525 1.288 112 0.976 0.868 0.781 0.709 0.649 0.598 0.554 0.516 
36 7.500 4.547 3.139 2.350 1.857 1.525 1.288 112 0.976 0.868 0.781 0.709 0.649 0.598 0.554 0.516 
37 7.500 4,547 3.139 2.350 1.857 1.525 1.288 112 0.976 0.868 0.781 0.709 0.649 0.598 0.554 0.516 
38 7.500 4.547 3.139 2.350 1.857 1.525 1.288 .112 0.976 0.868 0.781 0.709 0.649 0.598 0.554 0.516 
39 7.500 4.547 3.139 2.350 1.857 1.525 1.288 L12 0.976 0.868 0.781 0.709 0.649 0.598 0.554 0.516 
40 7.500 4.547 3.139 2.350 1.857 1.525 1.288 112 0.976 0.868 0.781 0.709 0.649 0.598 0.554 0.516 


http://librosysolucionarios.net 


6.668 
6.984 
6.984 


7.061 


6.668 
6.946 
6.946 


7.031 


6.668 
6.902 
6.902 


6.998 


6.668 
6.851 
6.851 


6.959 


6.668 
6.791 
6.791 


6.913 


6.668 
6.719 
6.719 


6.860 


6.626 
6.632 
6.632 


6.795 


6.388 6.524 
6.388 6.524 
6.388 6.524 
6.618 6.716 


O Iterations = 10 
O Iterations = 20 
= = = Iterations = 40 


— Exact Solution 


6.212 
6.212 
6.212 


6.490 


5.975 
5.975 
5.975 


6.320 
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5.643 
5.643 
5.643 


6.081 


Above values are for v! To get u we compute u = U - y 


5.150 
5.150 
5.150 


5.720 


4.361 
4.361 
4.361 


5.114 


2.953 
2.953 
2.953 


3.879 


0.000 
0.000 
0.000 


0.000 


Iteration 
10 
20 
40 


u (m/s) 


Problem 6.1 [2] 
6.1 Consider the flow field with velocity given by 
۷ =[A(y? — x?) — Bf + [2Axy + By]j; A = 1 f 057), B = 1 
ft «s^; the coordinates are measured in feet. The density is 2 
slug/fé, and gravity acts in the negative y direction. Calculate the 
acceleration of a fluid particle and the pressure gradient at point 
(X, Y) = (1, 1). 
Given: Velocity field 
Find: Acceleration of particle and pressure gradient at (1,1) 
Solution: 
NOTE: Units of B are s! not fr1s1 
ia : DV ƏV ƏV ٧ av DY _ . y 

Basic equations d, = — = u—+ V—+wWw— + = p—— = pg Vp 

Dt ox dy 0: 01 Dt 

Na tS 
total convective local 
acceleration acceleration acceleration 


v(x,y = 2A xy- B-y 


ofa particle 


For this flow u(x,y) = as" = "A -B-x 


ax = y? ud کې‎ u= Laly? a Bal? Laly? از‎ Bx] F(2-A-x yd By ne el Bx] 


Ox y 


p.x 2 (2-A-x-y + B: y) + (2A-xy + B-y)-(2-A-xy + B-y) 
ox oy 


a, = (B+2:A-x)(B-y + 2:A-x-y) — TET + ale - 7l 


Ox Oy 


ay = (Bt islas + B-x+ ود‎ 


ay = ye? V4 وې‎ ۷ Laly? A 
Ox oy 


y 
1 ft ft 
Hence at (1,1) ay = sait 1x (1424 eda ay = "es 
5 5 
5 
1 1 ft ft 
a, = (1422-11). x (1-1 + 24.11. 2.1.1 x la + 1h12- po a, = 7-— 
y 5 5 5 5 y ao 
a 
a= ay tay” 0 = atan ~ a= 11.4.— 0 = 37.9-deg 
ay E 
For the pressure gradient 
Ibf 
: slug | ft Ibf-s” 0 qd si 
—p E عم‎ pay = -22E xg. × —p = -18—- = -0 125. Pst 
Ox کې‎ 2 slug-ft " ft 
lbf 
slu ft bee 0 m si 
9 p= pg,- pa, 2.08 × 322 x ؟‎ p = -78.44— لل ېږوه‎ 
ay y y e 2 slug-ft Oy ft ft 
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Problem 6.2 [2] 
6.2 An incompressible frictionless flow field is given by 
V = (Ax — By)i — Ayj, where A = 1s !,8 = 3s ^, and the coor- 
dinates are measured in meters. Find the magnitude and direction 
of the acceleration of a fluid particle at point (x, y) = (0.7, 2). 
Find the pressure gradient at the same point, if ¿ = — gj and the 
fluid is water. 
Given: Velocity field 
Find: Acceleration of particle and pressure gradient at (0.7,2) 
Solution: 
ee : DV QV 079 7۷ av DV - 
Basic equations a, = = u—+v—+w— + — p— = pg — Vp 
Dt ox dy az 01 Dt 
Pl 
total convective local 
acceleration acceleration acceleration 
ofa particle 
For this flow u(x,y) = A:x - B.y v(x,y) = -A-y 
ay = iLi ٩ y = (A-x py)? (A-x - B-y) + ( Aye (A-x — B-y) SÄ 
Ox 07 Ox Oy po cid 
0 0 0 0 2 
ay ce pesce (A-x - B-y).— (-A-y) + (-A-y)-— (-A-y) ay = Avy 
Ox oy Ox Oy 
1 2 
Hence at (0.7,2) ay = 8 x 0.7-m ay = 0.7— 
: 5 
E a 2 =2 
ay = " m ay = 25 
5 
2 -02 a m 
a= Ja, +a 0 = atan| — a=2.12= 0 = 70.7-deg 
X y a 2 
x 5 
For the pressure gradient 
2 
k N- P kP 
O p = pg, pra, = 1000-8 x 07-2 دې‎ so e097 
Ox m gy kgm Ox m 
0 k m NE 0 Pa kPa 
<p = pgy- pay = 1000-22 x (-9.81 - 2). x peace = ګګ‎ 
oy m کې‎ kgm ôy m 
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Problem 6.3 نپ‎ 
| Cece: ۴ Morsa Kas لم‎ GINA Russe Nom wa e لصاو‎ CANA, | 
X = وې‎ te Ru رد‎ 

| ولا‎ aS, B= ve & x 1 ٣ cra AL ISS was. 
| Finds کي‎ Kos etes Lor CN tocas G5 de ae Boy anak access > 
| des INSTAT ak gant AZ EN Lor AA | 
| (c Tucu NS ON. some. rest aná are | 
SAn, 


l Nos a Sey > ODN) 
= ' + مه‎ — 3 
Ros Sao LT 0.7 بت د دول‎ ١ EN Le $ St 


I 
| CX ON Cexeye CLAS | 
1 
1 
H 


| WescceA icons, TS Ke " 
| G es CORSON m CAMS Sag Uc 


= SLs AUK Ca = BOB = wll NE Sm 
| NES + QUISE 2 A NL * ps SUSE «Caged? و0‎ ٢٢٢ | 
| OS da Cay M 

! Se T = = REE ON 


= 5 (5,2%, ES S. E 3 JS (S y = Bock -20% AUR, 
3 Lm qa ٨ 


c ci ceed 
=P سب‎ VR i e Ps e | 
L OS مه یه‎ \ Be ARUBA AN = BOL NA > À 


" شي a‏ مارک کین | 


| 3 _ TE us یه‎ NA ME ¿Es 
Ne = وم‎ - eX اا دا‎ — weg a" OV o oa 


le | 
ie. 


ES = و‎ Laa په‎ 3AN = دیا‎ -4 Ù * oy - pun el | 


Wace. S = C3 ئو‎ Cx. ye Ese wA کو‎ ss Ne Kiss 
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Bur vana Pend : 
cw 


[2] 


Problem 6.4 


Gen: Moca Sea, 3 = رن‎ AM - IA 
Sere Ae its 
پلک‎ as” 


Costa woles Lan ate ٨ welers 


Flud dass Me : = \Seo اما‎ Body forces ose regia 
Và: WR dX \ccolion ¡(MEN A Tela. 


Seven. *- d ya 
Bose eqpalions Fe ` S 


ay 
Net aa په‎ 4 
کحص ېد‎ sow ٢ لم‎ “Vers 


c 


ao lor e کاک دند‎ n He eran m e. 


Y. 2X SS BLE - (A ¿a | + MKS ES ALS MC . (Ay BL | 


a WOL sy Le E - (Saxo 
2 (ae Bae 5 Hy e] + (Ar “Bot [ ALL ھ-‎ | - My Ot سنا‎ a] 


= همه‎ Rat -Ps ar rk به‎ - BO ERAN 


A ٢) SEZ ددد‎ te aD 2 Af- yde 4 4t (a DI 


Yen ج‎ 
LES -pRa z eli (y e VR YAT A و‎ sa ona] 
We acia GA aA », ١ ک‎ 
- Soo ke | چا‎ SES 
JP» a | ESE و‎ sh (OS x 
S S y A 


^ لب‎ ere Zaks, Sea E ADOS ie 
] M 1 E 


Wee (sortea bale 
Ny 


nde: qa =O o5 Seqused Lor Weemprcss Dre Sas 
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[2] 


[4.3557] لن‎ 2- A-x-y + 3-B-y) +(-2-A-xy4 3892 (C0 A y + 3-B-9) 
Ox Oy 


ft 
ay = 73 
S 
ft ft 
E په‎ = a 
5 
a71 0 = 66 
S 
bf 
ft i 
يږ‎ 2 0.0139. 2" 
ôx ft ft 
bf 
اه‎ A oe 
Oy ft 


Problem 6.5 


6.5 Consider the flow field with velocity given by 
V =[A(x? — y?) — 3Bx]¡— [2Axy — 3By|j, where A = 1 ft^! «s^, 
B = 1s ', and the coordinates are measured in feet. The density is 
2 slug/fé and gravity acts in the negative y direction. Determine 
the acceleration of a fluid particle and the pressure gradient at 
point (x, y) = (1, 1). 


Given: Velocity field 
Find: Acceleration of particle and pressure gradient at (1,1) 
Solution: 
= 1 Nt ۷ 1 
Basic equations a DY : dV "T oV " oV oV 
á Dt ox dy 0: 01 
total convective local 
acceleration acceleration acceleration 


v(x,y = -2:A-xy + 3-B-y 


= wou ra = La. (2 = 2 = 381214. = yj = 3-B-x] án 
Ox oy Ox 


ofa particle 


For this flow u(x,y) = al? - y -39.Bx 


ax 


+ (-2:A-xy + وود‎ - 2 - 3-B-x| 


ay = (2-A-x- 3.8) (Ax? -3-B-x + ay) 


ay = voy tv oy = 
Ox 


y ay 


ay = (3-B-y — 2-A-x-y)-(3-B — 2-A-x) — ides [ele - y) - 3-B-x| 


ibe 
slug. ft 


ft 


1 
Hence at (1,1) ay = (2:1-1-3-1)-—x (1.12 3-1-14 113. 
5 5 


1 ft 1 
ay = (31:1-2-1:1:1).2x (3:1 — 2-1-1) - 2-1-1: x[1 (12-12) 3.1.1). 
S S S 


a 
a tay 0 = atan 3 


For the pressure gradient 


0 


slu ft 
—p = p: gx pray =-2. 8 1. 
OX 


3 : 2 : 
ft 5 slug: ft 


ft 
x 


0 slu 
^ p = pg- pay = 2 = x (322 - 7 
Oy ft S 
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Problem 6 [3] 


6.6 Consider the flow field with velocity given by V = 
Ax sin( 2701 — Ay sin(2xot)j, where A 22s ' and œ = و‎ 
The fluid density is 2 kg/m?. Find expressions for the local accel- 
eration, the convective acceleration, and the total acceleration. 
Evaluate these at point (1, 1) at f = 0, 0.5 and 1 seconds. Evaluate 


Vp at the same point and times. 


Given: Velocity field 

Find: Expressions for local, convective and total acceleration; evaluate at several points; evaluate pressure gradient 

Solution: 

. 7 1 1 kg : : 
The given data is A =2- w=1- p= UE u = A-xcsin(2- T w-t) v = —A-y:sin(2-TT-w-:t) 
5 5 a 

Check for incompressible flow zm u+ oy =0 
Ox oy 

Hence 2, + 2, = Acsin(2-T- c^t) — A-sin(2-71-w-t) = 0 Incompressible flow 
Ox oy 


The governing equation for acceleration is 


. DV 0۷7 7٢ 0۷ 0۷ 
p = — = U= + V= + W= + — 
Dt 01 dy dz df 
——————— 
total convective local 


acceleration acceleration acceleration 
ofa particle 


The local acceleration is then x - component U = 2C A: 0 x: cos(2- To t) 


gi 


y - component ۷ = 2 AU y:cos(2- Tc 0t) 


& |% 


For the present steady, 2D flow, the convective acceleration is 


x - component u2 y + yy = A-x:-sin(2-7-w-t)-(A:sin(2-7-w-t)) + (-A-y:sin(2-TT-w:t))-0 = Als mw? 
Ox Oy 


y - component uus + v2 y = A-x-sin(2-1r-w-t)-0 + (-A-y:sin(2-7C w-t))- (-A-sin(2-T:0-t)) = ھ‎ y.sin(-mr-ut)^ 
Ox Oy 


The total acceleration is then x - component u+u—u4 v2 U = 2C A: 0: x:cos(2-T- wt) + A^ sin (2-7-w- > 
Ot ox oy 


y - component d v4 y? V d v2 ۷ = Lm- )ومین‎ + Aly مو‎ )2- 0" 


at 0% ð 
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(6.1) 


and m 
2 

S 
and cm 
2 

S 
and 02 
2 

5 

DV 

— =pi-Vp 
p 0 p } 


=p = cn accettano + A senem 


p= Riv Goh + ia) 


y comp. 
y comp. 


y comp. 
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“NE 


NE 


NIB 


Convective 


Convective 


Convective 


کې وړ 
: 


and 


and 


and 


and 


and 


Evaluating at point (1,1) at 


t=0s Loca 1265 
5 
Total 12.6. 
2 
5 
t = 0.5:s Local 265 
5 
Total Re 
2 
5 
t= 46 Local 1265 
5 
Total 1265 


The governing equation (assuming inviscid flow) for computing the pressure gradient is 


Hence, the components of pressure gradient (neglecting gravity) are 


OX 


٠ 


x comp. 


x comp. 


Du 


“Dt 


Dv 
Dt 


/ 
e 
[27 


/ 
o 
e 
[27 


/ 
۳٣ 
[27 


0 
oy 


Evaluated at (1,1) and time t 


Problem 6.7 [2] 

6.7 The x component of velocity in an incompressible flow field 

is given by u = Ax, where A = 2 s^! and the coordinates are 

measured in meters. The pressure at point (x, y) = (0, 0) is pp = 

190 kPa (gage). The density is p = 1.50 kg/m? and the z axis is 

vertical. Evaluate the simplest possible y component of velocity. 

Calculate the fluid acceleration and determine the pressure 

gradient at point (x, y) — (2, 1). Find the pressure distribution 

along the positive x axis. 

Given: Velocity field 

Find: Simplest y component of velocity; Acceleration of particle and pressure gradient at (2,1); pressure on x axis 

Solution: 

Basic equations رت‎ = DV ¿de +7 av +4 av av p DV pg — Vp 
ټپ‎ — em >= ==> = u— ڪڪ حصن‎ == — = pg- Y 
ox ay s Dt ax oy az 01 Dt 

total convective local 
acceleration acceleration acceleration 
ofa particle 
: 0 0 0 
For this flow u(x,y) = A-x —u+—v =0 SO v(x,y) =-| —udy--| Ady=-A-y+c 
Ox Oy Ox 
Hence v(x,y) = -A-y is the simplest y component of velocity 
For acceleration ay = u2.u uy = Ax? (Ax) + ( Ay? (A-x) = alx ay = ھ‎ 
Ox oy Ox oy 
ay = wey + vy = Ax? ( A-y) 1 ( Aye ( A-y) په‎ = Aly 
Ox oy ox oy 
2 : 2 
Hence at (2,1) ay = 9 x 9 ay = 9 x 1.m y = 8 ay = 4— 
5 5 
8 
a= ee ay 0 = atan za a= 8945 0 = 26.6-deg 
ax d 
For the pressure gradient 
2 
k N: P 
as = py ¬ Pray = -1.50.48 x 8. x 5 2, = -12.2 
Ox 3 Q2 kgm ax m 
k N- P 
2, = 0-8 ¬ pay = SUE Se s a Ps 5 2, = ale 
Oy m? کې‎ kgm 0 m 
2 
k N- P 
© p = pg,- pa, = 150x رگ‎ (9.893 x 3 9 p--147— 
Oz E 2 kgm 0 m 
X X 1 
For the pressure on the x axis dp = 2» P- Po = | (8x = p:ax) dx = | er dx = اد و‎ 
Ox 0 
0 
1 2 2 1 kg 2 : Ns 2 2 
xX) = Dn =.0-A x x) = 190-kPa — —-1.5-—2 x| =] x xx x) = 190- X (p in kPa, x in m) 
POO) هم د‎ js. 9 m هم‎ Tm p 
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Problem 6.8 [3] 


6.8 The velocity field for a plane source located distance // = 1 m 
above an infinite wall aligned along the x axis is given by 
V 1 


= —— xi + (y - )j 
2n? + (y — h)*] | 0 / 


>] 


—_L [xi + (y+ h)j] 

272 + (y+h)7] 
where g = 2 m°/s/m. The fluid density is 1000 kg/m? and body 
forces are negligible. Derive expressions for the velocity and ac- 
celeration of a fluid particle that moves along the wall, and plot 
from x = Oto x = +10h. Verify that the velocity and acceleration 
normal to the wall are zero. Plot the pressure gradient Op/Ox along 
the wall. Is the pressure gradient along the wall adverse (does it 
oppose fluid motion) or not? 


Given: Velocity field 
Find: Expressions for velocity and acceleration along wall; plot; verify vertical components are zero; plot pressure gradient 
Solution: 
3 
m 
: : 5 kg 
The given data is q = 2— h=1m p= 1000: 
m m 
: : (y—h : h 
= ut q 2 ; ye 10 ) - 10+ ) ; 
ېد‎ «(gy "E +(y+h) 1 2-7 لد سه‎ + (y +h) 1 
The governing equation for acceleration is 
= DV ay av 0۱ 0۱ 
a, = — = ue + سل‎ tw + — 
1 Dt dx dy dz 01 
تن په‎ AS 
total convective local 
acceleration acceleration acceleration 
ofa particle 
For steady, 2D flow this reduces to (after considerable math!) 
2 (2 . 2 E (12 M" 2] 
x - component ay = uu + xn = وی ا جوب ودي‎ 
Ox oy 2 27172 217 2 
E T 24 1 «(- "m 
2 
2 2 2 2(,2 2 
0 ô ll «y. id «ax 


y - component a = Ly +. Ly = 


y 2 2 
OX 0 
Yo وکا وار‎ ow] 
For motion along the wall y= 0m 
-X اود‎ - 1?) 
u= ا‎ ۷ - 0 (No normal velocity) az = په له‎ =0 (No normal acceleration) 
s age) EC 
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- Vp (6.1) 


The governing equation (assuming inviscid flow) for computing the pressure gradient is p—— = pg 


Hence, the component of pressure gradient (neglecting gravity) along the wall is 


_ Tess = xj 


0 
—P 
a a mie + y) 


The plots of velocity, acceleration, and pressure gradient are shown in the associated Excel workbook. From the plots it is 
clear that the fluid experiences an adverse pressure gradient from the origin to x = 1 m, then a negative one promoting fluid 


acceleration. If flow separates, it will likely be in the region x = 0 to x = h. 
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Problem 8 31 


6.8 The velocity field for a plane source located distance A = 1 m y 
above an infinite wall aligned along the x axis is given by 
E q 


ادر 
2n|x? + (y — h)*]‏ 


q ^ / ^ 
+ —— kit (yth) 
2n|x? +(y+h)] | / 


xi + (y — h)j] 


h 


where q = 2 m'/s/m. The fluid density is 1000 kg/m? and body 
forces are negligible. Derive expressions for the velocity and ac- 
celeration of a fluid particle that moves along the wall, and plot 
from x = 010 x = +10h. Verify that the velocity and acceleration 
normal to the wall are zero. Plot the pressure gradient Op/Ox along 
the wall. Is the pressure gradient along the wall adverse (does it 
oppose fluid motion) or not? 


Given: Velocity field 
Find: Expressions for velocity and acceleration along wall: plot; verify vertical components are zero; plot pressure gradient 


Solution: 
The velocity, acceleration and pressure gradient are given by u = 1 2) 
mix +h} 


dale - T 


P 


( 13 
3 ES E + n?) 
q= 2 m /s/m 
h = 1 m 3 
حم‎ 1000 kg/m & 


oo | 000 |0.90000| 6 —] 
[10 [032 10000001 0.00 | 


1: لس هه‎ r E n”) 


13 
a E + ۷ 


606 010 [o00168| -168 | 
[70 009 [0.00109] —109 | 
eo | 0.08 [000074] —074 — 
9.0 | 007 [0.00053] -053 
10.0 oos [000939] -039 | 
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Velocity Along Wall Near A Source 


u (m/s) 


Acceleration Along Wall Near A Source 


a (mis?) 


dp ldx (Palm) 


x (m) 
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Problem 6.9 [2] 


GN Ies. Tise e : لصف‎ a لا‎ Now = 
N De N MES د‎ CITA : 


A Ye one & + (OMAN A 
bee wg. ES Di ای یت‎ ENS 
ond Me els da Sis A NN ES -aÈ 


Fwd. > does Ne بس‎ E sagre Nu. Koo Kan 


٧ مو‎ 
(cy AA an pte s مک‎ Re gt n A 
A Ee No Ne (Ss SA XD onan and ۱3 


ve kale‏ = م 


A 3 Q has : ۱ XA + A. Quo, e Ve aun 
ASS Se RO موي‎ Sax, S 
(= =O= ه2‎ 2 Gay دع‎ ov 


"s تن‎ NEN ig ه٥‎ cid Qos 


Ode , SSS . Wer X =0. sn‏ په 
ه‌حښعد)احک WH WS = © om‏ 


an an sete 


ER So SAL‏ وي مه 


NY = JENS a ERN EN 3. (24-8) eu -hs Q3 
NY - eL Gu X i m T 

(QN Sea RE عا و پک‎ Can عا‎ 
ak = E y SS هپ‎ EON EG on plas io پلک‎ SR 
DM us د‎ S baee y p yis SN 


Ye Ca 4 " Ea ٩ Qe os Narad of Ke iy nand ade SS 
ws sar arl of Se <3 AA nN Ws هلکا‎ Los We y 
coo 


vi — Yo, =$ iC (Wada E ISS a= = ES E Nes 
- هه‎ -% -o} = io 


2 ه5‎ 
z = ٢ تاي‎ Nes” = an al a iX 
داد ق‎ de 7X s> x ` Ran به‎ Ww S 


SSS خو‎ 


Ñ cora due used ho 
SR e d ; 
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[2] 


Problem 6.10 


Gwen: میسن‎ , ee ere sso ve (eu Lia vow 
>. E RAL - “yA 
a> -Á 
AL (e.e c) T= 
Ena ; سیه چا‎ fec Be pressure Gala MSN 
vid ESSE > yi 
385 Osc e AS ٠ ws IN = ۴ CS 
2 N_N که 33 تھ‎ 
E ES un. 
a x دي پش‎ Mas e 7 
ceras > A 
== Te = ام‎ x = Rad ج ا په‎ 
t 


=- el ah a RECALL) - e ap] 
A el ٩ a Na 7 a | 
JE NE. De LS 


" ANC 3 ==- 1 EUR Rah: NS 
2 we S 
به‎ ۳٣ XU 


AS د‎ et a eae 3 
x P-R, = ور‎ ud Suas Ey C Rasy 


* Me cos. Rear Vo asian NV Noe Sos Ps anu Woo کې‎ 
ex We es Cue NA. ^ Sr os. aka A rn که‎ 


uk bep" Dd کېل خا‎ A ak N کې پل‎ 


pre coc‏ ټک “Dis e ru Ser‏ سه 
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Problem 6.11 [2] 


Given: brous ppt. with (quid qe =0, ø = 00 kg/m3) 


و سوا يي 


Pa” 35 kr (099 


Find ! fa Ex pression nr acce lera hon Along é. 
(5) Expression Ár pressure gradient 4 d. 
(c) Eva (uate Pout 


L=0,3 m 


Ux) = U(1- x lz.) 


a a? -0(/) zó(t) Au 
= an $ - = 
apn, “UE + En + > + E j 4 v7 7 Pap, 


2x 
Assumphens : OT =e *0 Asang € 


(2) stacey, Flow 


© gx o 
ilh ap. =u% ura). LL) 
From Euler 
b = =-pap, =p ZF (ro) 
inkgra Ang, : 
fur 7 bo Ja z [C E yay E (x- E) 
or 


za 1 2 ۷ 
Pout = bin * FE (Be) -pat 7 


= 3S EFa. = Foo k4 (S)* mt A/ 4 
t7 ^ 7m 3* “e ke m 


Pout = 42% kh age) بر‎ 
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So luton : lompuhag equa io Aj (acce lera eA and Euler a x-arec 


AMAN 


Problem 6.12 i 


Given, Lg pad cortas ard mediada. sucess \s a که‎ 
Xd diera Kos A ho سن‎ ae SEN ¿Ab “o 
Xe .مه سنوی‎ Qu معه‌سشکوا‎ cosby gac posada poles . Ne 
هنروا‎ Laing, »یم سه‎ Be Rees (hos omy dol ruin. 
Rou rox که‎ assured uniforn په که‎ Sas me 


Qe osa lira‏ ىا Show Bo Ae” al ex ew where EN‏ دي 
Ne Qs . l‏ 
om Mar‏ په D Chas an ETS Lor‏ 


Freon va. . Vo. 


WES. SA. ې‎ ake پا‎ Ae یا لدې‎ 
LP SS A A ae y ar + 


Wo UGS andy = © 1 Res‏ یمک 


١ mx‏ = لح 
V‏ ها اي = S‏ 
Oase ce = AL SAL N EN v‏ 
۷ 
c NE‏ 
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Sen. A 
t. 
SQ Re cesa خی کد‎ of moss To o. CN EMT NE 
LA Tones esos v. es se 
Dos Lq poden ¿o OF TN A هرم‎ 
Mesumpiions + د ها‎ = a 
SY eee rese DNE. NOUS 
QN Uncorn os ۸ S نام‎ 
Ken "um 8 
o= (a LGA a دلا‎ 
a 
ora د‎ 7 aeos 


تس 


[3] 
K 
q Vg = 
2-1 2-1 
V2 0 
| = pg, - = (6.3a) 
r or 
47 1 dp 
= Pla -—— (6.3b 
: D fg 0 ) 


Problem 6.13 


6.13 The velocity field for a plane vortex sink is given by 
v= (—q/2nr)é, + (K/2nr)ég, where q = 2 m*/s/m and K = 1 m'/ 
s/m. The fluid density is 1000 kg/m’. Find the acceleration at 
(1, 0), (1, 2/2), and (2, 0). Evaluate Vp under the same conditions. 


Given: Velocity field 
Find: The acceleration at several points; evaluate pressure gradient 
Solution: 
3 3 
m m 
k 
The given data is q= y. Kec p= 1000. 
m m 3 
m 
1 ; ; ov, ,0۷ V aV, 
The governing equations for this 2D flow are pa, = p| — + V, — + ILE. 
ot di r 20 
m" e| 0 \ او‎ Vy OV, 
0 01 01 r 00 


The total acceleration for this steady flow is then 


a, ۳٢ 5 
r - component a. ۷ ۷ +t — Vr a=- 2 
or r 00 4 mer 
0 - component 0 Vea qK 
ag = MS Vo وسو‎ Vo ag = 23 
or r 00 4 Tr 
Evaluating at point (1,0) a = -0.101 ag = 0.0507 Z 
5 5 
' : m m 
Evaluating at point (1,7/2) a = SET ag = 0.0507 
5 5 
; ; m m 
Evaluating at point (2,0) a = 0.0127 ag = 0.00633— 
S S 
. 2 
From Eq. 6.3, pressure gradient is Es = 086 Es EH 
or or «iu 
18 1 p-q:-K 
——p = -pag وک‎ = — 2 3 
r 00 r 00 4T ‘r 
Evaluating at point (1,0) 2, = 191.52 د‎ - 05 
01 m r 0 m 
Evaluating at point (1,7/2) 2 = 101.42 z —p = Er s 
Or m r 60 m 
Evaluating at point (2,0) Py - 12,7 P8 Aeg - -633. P8 
Or m r oo m 
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Problem 6.14 [3] 


Given: Circular tite with porous wall; jncompressible flow, un Ire 
my direchon. 


Find: (A) Aigebraue expression tor Ap, at x. 
(b) Pressure gradient at x. 
(e) 77197026 to obtain D at x =0. 


Solution: Apply conservahon of mass Using the CV shown. 
; =O) 
Basic equations: 0 = Y + V-dA 
9 i 0: سا‎ 1 pV -d 
wols) %05)  ,-ot) 


2px . 25 5 + to -£ + وم‎ =P py 


Assumptions : (؛)‎ Steady fiow &) Horizontal ; gx =o 


(2) Encompress ible Y lou) (5) TK D in chanae! (ur 220 too) 
(8) Lntferm flow at each cross-section (p) Inviscid flow 


A 7 = - p* = = 4 Y 
f dA 1 || + fru To i] 0 or alx) D 
and ej 
apy = HU, E (4% +) = مل‎ 5: 
From the Euler eg oo tion, 


F MT is Dons, gt 
ex f مه‎ ex / po Ze 
Sia VLW% 0, then P(x) and dp =P dx. Integrating 
> s c et 
8 - al 2 = — lbe? x]. _ لام6۴!‎ ٢ 
J dp = p, ~ plo) 1 و‎ ik 4 x] EO 


Thus, Site p, ~Potm, the Gage Pressure At ¥ =0 کا‎ 


plo) = fev'(sy 
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adis 
met. us 


Problem 6.15 [4] 


6.15 An incompressible liquid with negligible viscosity and den- 
sity p = 850 kg/m? flows steadily through a horizontal pipe. The 
pipe cross-section area linearly varies from 100 em? to 25 cm? 
over a length of 2 m. Develop an expression for and plot the 
pressure gradient and pressure versus position along the pipe, if the 
inlet centerline velocity is 1 m/s and inlet pressure is 250 kPa. 


Given: Flow in a pipe with variable area 
Find: Expression for pressure gradient and pressure; Plot them 
Solution: 


Assumptions: 1) Incompressible flow 2) Flow profile remains unchanged so centerline velocity can represent average velocity 


. : 1 01 av oV oV al DV 1 
Basic equations Q=VA d سه‎ = u4 ar + € E p pg — Vp 
PI A 
total convective local 
acceleration acceleration acceleration 
ofa particle 
(^i - Ae] Ai Ai 
For this 1D flow Q = u;A; = هم‎ A = ۽ سو د‎ so u(x) = uy— = uj ——7—— ———À 
L A A¡-A 
[ug 
a — 
2.2 2 
o 3 Ai 3 Ai Aj Lu; (Ae - Ai) 
ay = 4: —U + V:—u = AAN UT AS M TA LAO I = nnn 
Ox oy a | i e) x| Ox dr K i e) xl ې۵)‎ + Agx- Ayx) 
à L à L 
3 pA Lu (Ag - Aj 
For the pressure pecpay-pgLee ——— == 
[o 
x ېش)‎ *AQGX- Ayx) 
X 
ð : AL wy (^e - Aj) 
and dp = —p-dx P-pj = pdx = dx 
Ox 0 
" x (AL + Ag:x- Ayx) 
0 
a4 pad ; : : 0 1 0)2 
This is a tricky integral, so instead consider the following: p = —p-ay = —p-u-—u = ——-p-—l\u 
Ox 2 ox 
X X 
Hence P-Pj = E p dx = P| 2 (u2) dx = Dice = 0)7- i) 
ax 2 | e 2 
0 0 
)م‎ 2 2 : : 
p(x) = Pp; + > uj — u(x) which we recognise as the Bernoulli equation! 
2 2 
وهو‎ LL 2 
p(x) = p¡+ | 1 =| ==, 
2 [Bd | 
Ay =| =x 
L 
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The following plots can be done in Excel 


30r 
- 
= 
a 
A 
x% 
= 20+ 
e 
EZ 
el 
e 
E 
ن0‎ 
y 107 
= 
un 
un 
e 
A 
0 0.5 1 15 2 
x (m) 
25 
— 248 
e 
3 246+ 
g 
= 
چ‎ 244 
2 
EL ېږو‎ 
2 1 | CO LEI | 
0 0.5 1 15 2 
x (m) 
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Problem 6.16 [4] 


6.16 An incompressible liquid with negligible viscosity and den- 
sity p = 750 kg/m? flows steadily through a 10-m-long convergent- 
divergent section of pipe for which the area varies as 


A(x) = Ao(1 + e 3° — 72) 


where Ap = 0.1 m? and a = 1 m. Develop an expression for and 
plot the pressure gradient and pressure versus position along the 
pipe, if the inlet centerline velocity is 1 m/s and inlet pressure is 


200 kPa. 
Given: Flow in a pipe with variable area 
Find: Expression for pressure gradient and pressure; Plot them 
Solution: 
Assumptions: 1) Incompressible flow 2) Flow profile remains unchanged so centerline velocity can represent average velocity 
2 DV o1 av ay 01 DV _ 
Basic equations = V.A = — = س‎ + U— + سو‎ + — ZE EE DET 
E Q “p Dt E dy T 01 Pir pg - Vp 
A A 
total convective local 
acceleration acceleration acceleration 
ofa particle 
X X 
: a 2a 
For this 1D flow Q=ug Ag = vA A(x) = Agll+e -e 
so u(x) =u 0 = 2 
=e A : x x 
1+e -e as 
X X 
2 2 2 
ug ug ug € d Rs 


For the pressure P --pa.- pg, a 
x X 
NI um za 
X 
X X 
X . . 
: : pup ‘€ a, 2-e 28 
and dp = —p-dx p-p = | “pdx = | -———————————_ dx 
Ox Ox x 3 
0 خو ره‎ 
x “e = لل‎ 
0 


This is a tricky integral, so instead consider the following; 
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10 


0 p 0 ) 2 p 2 2 
P~ Pj = pdx = ——- (a?) ax = 2.(u = 0) -uw 
OX 2 Ox 2 
0 0 
p(x) = Po + Pug? a u’) which we recognise as the Bernoulli equation! 
2 
0:0 1 j 
p(x) = Po + J1- 


Hence 


The following plots can be done in Excel 


x (m) 


x (m) 


x (m) 
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0.1 


20 


199.97 


199.87 


199.7 
0 


0.1 


0.097 


Pressure Gradient (kPa/m) 


Pressure (kPa) 


Area (m2) 


Problem 6.17 [3] 


6.17 A nozzle for an incompressible, inviscid fluid of density p = 
1000 kg/m? consists of a converging section of pipe. At the inlet 
the diameter is D; = 100 mm, and at the outlet the diameter is D, = 
20 mm. The nozzle length is L — 500 mm, and the diameter de- 
creases linearly with distance x along the nozzle. Derive and plot 
the acceleration of a fluid particle, assuming uniform flow at each 
section, if the speed at the inlet is V; — 1 m/s. Plot the pressure 
gradient through the nozzle, and find its maximum absolute value. 
If the pressure gradient must be no greater than 5 MPa/m in absol- 
ute value, how long would the nozzle have to be? 


Given: Nozzle geometry 
Find: Acceleration of fluid particle; Plot; Plot pressure gradient; find L such that pressure gradient « 5 MPa/m in 
absolute value 
Solution: 
R 2 m kg 
The given data is D; = 0.1-m Do = 0.02-m L = 0.5m V¡ = 1— p = 1000.— 
5 EE 
Dg - Di 
For a linear decrease in diameter D(x) = D¡+ —— سه‎ 
T 2 T_2 m? 
From continuity Q = V.A = VTP = We Q = 0.00785 — 
5 
4 
Hence voto? = Q V(x) = Q 
4 2 
Do Dj 
7۳۰ D; + x 
L 
Vi 
or V(x) = 7 
Do - Dj 
1+ X 
L-D; 
The governing equation for this flow is p a + „2 + pot + اس‎ = pg, — op (6.2a) 
01 Ox dy dz i dx 
or, for steady 1D flow, in the notation of the problem 
d Vi d ٧ 2 vi (Do 2 Di) 
په‎ = V:—V = 2 2 ad) =- 3 
dx D,-Dj Y *(. Dg-P; (D, - Dy) 
1+ 1+ D¡L:1+ x 
L-D; L-D; i 
This is plotted in the associated Excel workbook 
From Eq. 6.2a, pressure gradient is 
2 
ə : 2-۷ (Do - Dj) 
—p وي‎ ٢ “pen 
Ox Ox (Do E Di 
DL. 1+ x 
D.-L 
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This is also plotted in the associated Excel workbook. Note that the pressure gradient is always negative: separation is 
unlikely to occur in the nozzle 


At the inlet —p = -3.2.— At the exit —p = -10 


To find the length L for which the absolute pressure gradient is no more than 5 MPa/m, we need to solve 
2 
MPa 2-p-Vj (Dg - Dj) 


D;L. 1+ 
D;L 


with x = L m (the largest pressure gradient is at the outlet) 


2 
Hence L > 20 (Por Bi) 


This result is also obtained using Goal Seek in the Excel workbook 
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B] 


Problem 6.17 


6.17 A nozzle for an incompressible, inviscid fluid of density p = 
1000 kg/m? consists of a converging section of pipe. At the inlet 
the diameter is D; — 100 mm, and at the outlet the diameter is D, = 
20 mm. The nozzle length is L = 500 mm, and the diameter de- 
creases linearly with distance x along the nozzle. Derive and plot 
the acceleration of a fluid particle, assuming uniform flow at each 
section, if the speed at the inlet is V; — 1 m/s. Plot the pressure 
gradient through the nozzle, and find its maximum absolute value. 
If the pressure gradient must be no greater than 5 MPa/m in absol- 
ute value, how long would the nozzle have to be? 


i xs ozzle geometry 
Given Nozzle g 
Find: Acceleration of fluid particle; Plot; Plot pressure gradient; find Z such that pressure gradient < 5 MPa/m in 
absolute value 
Solution: 
nus 
2-71 (Do - Dj) 
The acceleration and pressure gradient are given by a,(x) = m ———5 
D.L A a. l 
D;= 01 m اښ‎ DL = 
D,= 0.02 m 
L- 05 m -— t 
4 2-p-V; (D, - D; 
۸ 1 m/s Cp = M ai. للا‎ 
3 ox (D D ) 5 
= 1000 kg/m 1 A 
p s nt: ; اا‎ 
: 


For the length L required 

for the pressure gradient 

to be less than 5 MPa/m (abs) 
use Goal Seek 


L = ADO m 


0.44 1.00 


0.500 
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Acceleration Through A Nozzle 


00 01 01 02 02 03 03 04 04 05 5 
x (m) 


Pressure Gradient Along A Nozzle 


dp Idx (kPalm) 


x (m) 
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Problem 6.18 


6.18 A diffuser for an incompressible, inviscid fluid of density 
p = 1000 kg/m? consists of a diverging section of pipe. At the 
inlet the diameter is D; — 0.25 m, and at the outlet the diameter is 
D, — 0.75 m. The diffuser length is L — 1 m, and the diameter in- 
creases linearly with distance x along the diffuser. Derive and plot 
the acceleration of a fluid particle, assuming uniform flow at each 
section, if the speed at the inlet is V; — 5 m/s. Plot the pressure 
gradient through the diffuser, and find its maximum value. If the 
pressure gradient must be no greater than 25 kPa/m, how long 
would the diffuser have to be? 


Given: Diffuser geometry 


Find: Acceleration of a fluid particle; plot it; plot pressure gradient; find L such that pressure gradient is less than 25 kPa/m 


kg 


m 


= 1000.28. 
: 3 


Solution: 


The given data is D; = 0.25-m Do = 0.75-m L = 1m Mob 
For a linear increase in diameter D(x) = Dj + =a m 

a 7 
From continuity Q = V.A = MS =V 


Hence VTD? =Q V(t or V(x) = 


The governing equation for this flow is 


= pg, — (6.2a) 


du du du du dp 
pl T yV 


. 01 Ox dy dz 


or, for steady 1D flow, in the notation of the problem a, = V- 


Hence a) =- 


This is plotted in the associated Excel workbook 


From Eq. 6.2a, pressure gradient is 


This is also plotted in the associated Excel workbook. Note that the pressure gradient is adverse: separation is likely to 
occur in the diffuser, and occur near the entrance 


http://librosysolucionarios.net 


At the inlet ô p = وړ‎ 22 At the exit م9‎ = 419.22 
m 


OX m OX 


To find the length L for which the pressure gradient is no more than 25 kPa/m, we need to solve 


0 kPa 2.0-۷; (Do - Dj) 


—p < 25:— = E 
m Pe 


Ox 
D;L|1+ 
D; L 


with x = 0 m (the largest pressure gradient is at the inlet) 
2 
2-۷ (Do - Di) 


Hence Le 


0 
Ox 


This result is also obtained using Goal Seek in the Excel workbook 
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Problem 6.18 Bl 


6.18 A diffuser for an incompressible, inviscid fluid of density 
p = 1000 kg/m? consists of a diverging section of pipe. At the 
inlet the diameter is D; — 0.25 m, and at the outlet the diameter is 
D, — 0.75 m. The diffuser length is L — 1 m, and the diameter in- 
creases linearly with distance x along the diffuser. Derive and plot 
the acceleration of a fluid particle, assuming uniform flow at each 
section, if the speed at the inlet is V; — 5 m/s. Plot the pressure 
gradient through the diffuser, and find its maximum value. If the 
pressure gradient must be no greater than 25 kPa/m, how long 
would the diffuser have to be? 


Given: Diffuser geometry 
Find: Acceleration of a fluid particle; plot it; plot pressure gradient; find Z such that pressure gradient is less than 25 kPa'm 
Solution: 


The acceleration and pressure gradient are given by 


? 
2-V; (D -D;) 
D; = 0.2 _ 1 o 1 
3 m د‎ 
10, 075 m (Do - Di) 
د‎ : a Dl. EE د‎ x 
2 
p= 1000 kg/m? 3 2-0-11 (D, - Dj) 
—p = 
ex D.-D) | 
DL T 2 i) 
D, L 


100 


For the length L required 
for the pressure gradient 
to be less than 25 kPa/m 
use Goal Seek 
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Acceleration Through a Diffuser 


-100 


-120 - 
x (m) 


Pressure Gradient Along A Diffuser 
120 4 


100 
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a (mls?) 


dp Idx (kPalm) 


Problem 9 [4] 
Gen: o V سه يد سو‎ Kaus of os | 


pard ducs كه‎ Jaon ct 
و پا‎ "E oT Ce CLA TER d 
eese N= Sia Ty = Wa 


R c ISN 


End.. EN etude ond dus مې‎ NS ZA 
۷ کوچ ېه‎ e - چرخ سو یک‎ RC ; V = 15 m/s 


SAA 
SETS eq pions: A AR = NE = =- (RAR 
عم وکن‎ y on 7 De Kas 


wy $5 
3 نم خمد‎ Sos 


MW) ume fas ol N SAN 


"Ve AS eee Re pressure Asis چو‎ " opa Edess 


€ ۳ Bre v dss e c NOS 
SoG = o = چم‎ 
Q - 
N سیک‎ i ac Rev We XS 
3 x 
wb. * 
ET ee? 
* AP = e EA مه‎ 
Learn e Gan 
INS 3٣7 ex SCELUS داد‎ 
- = (RADAR = vet xs -S\encas = SS Ê Ar 
* SS e - A, AE OS Adol 
= - © ھی چا حا > ین‎ 4 . lo AE) A 


SUN‏ ېټ 


(to, so 1و‎ añs bou 


E 


edita Son 


Y; 
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Problem 0 [4] 


Que We Kaus مل‎ Me تایا‎ dios AA 
sa $ MOSTOD ae. ^ -— o? ha 2 


e a ک‎ surfom as 1 

SALOU ۳ e A Aedan y UF یا لا‎ sure - 

Kao Se) Weorprescie ھ2ا = لا‎ Raley ard Bal Run 

پا نا VAS‏ 

Ty: rw حا ر‎ tan Aes Leve EENE FETTET خو‎ 
!لل سما‎ 


Find: A Be Pressure eek A Be کس‎ 
D که‎ GR ا‎ Be Kos S reos res ۳ Ne cosa 


NAGN. = 
Eulers eque , هچ‎ m مال پک من‎ Rar 
Pressure rodas Cor Con press Nas. edt Coo i ON 
he پل دې‎ das ex مخ‎ Re Ne Cd: . WAR w= e Wa, 


fx UO. RSE aos کی‎ > Ceu adis 
e we Ure eq pal 
Xs decime Y. ES 


a‏ یه )3ے QU wm.‏ _ د 
OA E‏ په re‏ پد په Sos‏ 


Men 
T= as CU a Far OO 


4 
BE We Te a yore ond ۳ ewe and ese E 
که‎ 


N* = SAC QS = SES Az. ES E 23 TE 
we ¡Lay EN 
BL Me port مه کا‎ 
Te : 
e وول‎ gh 


ست 
یه .|د ٨وا‏ لد [DAS oce‏ کا که = 
q per =‏ > 


CA) 


D ` a 
| e NBT - A له‎ 


Sa ES `‏ وو $ ماس یی کل The dope of Su‏ دیا 
a ve - AD)‏ 


| 
٠ ihe We aná sere E P QM CoU ىن‎ | 
K 
A ; 
als = ay A ۷ و وو‎ . 47 


تا - Y‏ غه 
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[5] 


Problem 6.21 
Gwen: dene ques surface voee, deumvasd d. condos. speed. 
MeqrrpressWe Vua, N No lu s ques 
Du gero 4 me ce ye n | S مکیل د‎ 
anà کرد نر‎ 


Find, او سمل تم‎ U= les win . - 
ap. ¡QQ لل‎ «XN e 4 

De son for مه‎ 

(CN NDA ` : 

COSE ION 


) که‎ esses. fore Om us surface 


SASi On. 


“Dose عم کمرمه‎ a E ات‎ 29 SS ES 


- AR T2 ee (REA 


ws Fer The Im CX Gon 


o= 2 AES a هې‎ Qu a, - eel Sa, 
BWA poa - ond Wex ue Y 


EE as یا‎ ox N26 Ren a ‘= ak که‎ on "ده‎ 
a NACE 5 ul} 


— Y ېسا‎ A رہ‎ ws =O 
خلا ے‎ MENE Ss TADE د‎ 
ex (O) ۹ 


o. 


- _ TOA 2? 
Gcr رې‎ e 


a) ran ۳٢ + qu LS] 


es “5 A (RPA ON 0 aC V RU -Sls 8^ 
x d سنا چم‎ Sa AS = A وکا‎ GS - 
: اچېه‎ (ugwoasd since Faye) ; 
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٣ Trown RA pos S > OE E. TEFA "s مه‎ 


0 5 iM 
B SHEETS 3 n 


اسنا 


Problem 2 [4] Part 1/2 


Gurren: عم عمشعو؟‎ " exe حکهصا؟‎ cm Mun es Kar cK 


NOMEN $ N= O.S v * «9. کب تم‎ sur fox as 
E . One UAN b= onn Vena. L Grermnd- 
cos do duanaros s 75 4 no Ces S durecon | 


assunmech‏ خا undas ‘© moa‏ هک A‏ د سنا 
un ocn P R= condo MES! Nec. eS ERN «Xs‏ 


Find : ws Use a د مک‎ Ness A No Shows BO = مې‎ we 
SY Fwd os حوحعملکه‎ i ES Te aes 
دی‎ Eade Be mannus هف‎ of & 
WD Dan on xR for las 
ey DNA Be pressuse مک که‎ under M Kio 
S Ti Re SÁ Pressure fora on Re mp dureded up 


Lad EÀ Re Moss -Qar unt Vena e& Ve Hue ٢ 


+= e. w lene ) کہ‎ l 
Assur رالد‎ : 1 
ÓN Stenda م در نیا‎ 
SS ند همها‎ De Koo E. 3 flow of air 
CS) دمام هل‎ “ao di. 
D unite Has که‎ 


wh We aer ek. e.‏ هعه surface‏ لاه من 
Wer cono cm Ne A. o= -4 oe‏ )© 
(esM e (eed or U= q»‏ ده 
ds) Wey Be Sos o NOS darie, da Ke Sens‏ 
0ید S 3^ APA‏ ما 
tod ax ae‏ یک وپڅ Get Me‏ 
Qion VT | Aereo A EY =‏ 


Tar T NUR and ë Y-a “(A VAM 
E U — 
ex ان‎ A lí =o gma dau eq 


SR EE -اڅ)‎ SE 


3 % a 
Oe," SEs NUR * ae SC ys ELA 
لاب‎ M. Ks X 4 د‎ q C م په‎ 
As = Av a ew و‎ EVE 
O Te om LEA E (NU! 
MOM Wr a چیه‎ > * 7 


ži‏ ) په - يد 
Ga RUSA ome‏ 
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SHEETS 5 SQUARE 
QUARE 
UARE 


$0 


100 SHEETS 5 
SHEETS 5 


Problem 2 [4] Part 2/2 


«DY. “Vo ¿on Ma PESE & کم چېسی‎ e Ne SN 
.-- . 5 . مچ‎ 4 ya 
e^ a a n Cia rc NN 


A "No Nu an SUMAS e S SAO Lor Ve pressure bridas 1 
RD We mud No Soo. Ne Sos wees ord e cole 
nAra SN Pr Pan A Ae Me. Ws. 


TER ٢ E ونا "و‎ Ts SAN 
am O— — 4. bs a ` 
: = eS, اخ ځا‎ e C ھم ۔‎ 
er RUSA we LS 
An» EN 
دیک اچ‎ RA -(58W 


Whe na Pressure Kera c‏ اکا 
wb: Mode Y‏ حا We dnp‏ 

TYE PTR SSUES OR Qe due Ban [=== د‎ — 

NS areas ۹ BN over 
ace Sun surta 


wit 


Mea 4 


(Y Vo ende Be moss Qe und k AL 
٩ most عیکله‎ he e NA -presse Cora 
on e vo M Mis 
Fra = WES Pan) AN = 0 Ra 1 = هاڅ‎ 
NEC ٧ wx 2. * P 2 \ e 
دوا نو‎ SR Y 
xA C 
Soa A 


We wera کے‎ ewe : ل‎ ٢ $ ما شه‎ So a sd. 
Sa Se - WPTESSuse Carta $ که‎ 


ir کا2‎ 
په‎ m= BRE 


٨ àt Y 
C= سو‎ 
T o % à 
- ١ aka (SON له‎ ¿loca " a. E s A m 
Ve ې‎ SEN lo coN N NRW 


> À 
= NAO ANO ean 
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۶م 


mm ~‏ سم له 


al 
NT. P 


Problem 6.23 [5] 


Given: Load pallet Supported by air: 


Plenum q 
Flow 15 incompressible, unit, da neo | » 
, . h ulx) — > 
and Ffrictonlss; h«L, 7 
ev a L 
No flow across plancat x zo. 


Find: (a) Use a Suitable Cv # shou ult) = gx lh In the gep. 
(b) Calculate tht acceleraton Df a fld Particle jn the gap. 
(à Evalak the pressure gradient, Pp, , 
(d) Skttch the pressure distribu Hon; Mdicatt pressure at x 9L. 


Solution: Choose a cv inthe gap, frm ۵ b x, as shown. 
"0(!) 


Basic eguahons: ۵ "EL ېلم ل م‎ 
f v 


=0(3) =ol4) 70.1) el (s) 


Ax = Ue هبو و‎ ex -£ rj “tav, 

ASSumphons: (1) Seo ey flow 
(2 Inmompressible fiow 
(3) UA fie m flew at ath Section 
(y) No voriahon with 3 

, (5) Horizontal, so 9, مه‎ 


From conhnuity, 
6 = {gurl} + f+ foes urh| Y So ulx) =4 E 


The accelerahon دا‎ ap. (7 X X3. $e) z و‎ ap 
hi x 


The pressure gradient 1“ E =-Pap, = E 


er E z0 Qf X*O 
m varies linearly with x 


Sketching : 


pc) | 


" e P *Patm at x EL 
E mh mmn ie mh 
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Problem 6.24 [2] 


Gwen. که ؟‎ LO psa ; LOSE ans Osouncdk c sno cornet. 
کټایلا‎ = Wo کا‎ 


fo s چ.‎ 
odios of cucddlure of xen a DR. سے‎ 
A 
Fra: mn niuda of cance di A E ES 1 
NS Pressure ۷ دوو‎ , 
۴ Sooeon, ES < 
“basic eq pens: e -NS = ته ې‎ MEN 
x = Ge ~ -- AEN NS ae 
Mesones DO حم‎ canton 
: EN | Cedere Las 
اکا‎ q=- a 


i Laing Me c tov gene. of epa en کی‎ 


7 17 : 7 a Ns دا‎ 3X M 
i uu mi LAN 


Á C 2 Me ¿ES m 1 an سي‎ 
د چ‎ E E eis 2 لد ول په‎ & 75 Xo 
| Sa z 
SF sc 2460.66 
ولآ‎ 
i EN 
EX = 83e 
or WV 
a و‎ 
| ES cole د حط ۾‎ Sy اسدا‎ 
rere = چ‎ = 7 qe si NC Sax. . په څغښ)ه‎ SEE 


R 
ida لم أ دد له دد‎ 


EL pre od ٤ د.‎ Su NS 
Ñ US Ax : de f £ eva, 


V ra 
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Problem 6.25 


6.25 The velocity field for a plane doublet is given in Table 6.2. 
Find an expression for the pressure gradient at any point (r, 0). 


Given: Velocity field for doublet 
Find: Expression for pressure gradient 
Solution: 
- - - ^ 9 = 
Basic equations 2 dV, 7 dV, Ya 9V, 7 9V, _ Vi = E op 
pa, =pl = + V, لل‎ + — | t+ Vv. = p8, = 
ot or r 90 ° a r or 
dV, dV | V4 OV; dV | VV 1 
pág =p Æ + y, LE د 9 چ‎ ۷ eye = لر‎ === 
01 07 r 00 ° dz r r d0 
his fl = oer 
For this flow V,(r,0) = == 069) Vg(r,0) = 7 BIB) v,=0 
r r 
V V E 
Hence for r momentum pg -p =p We ME 90 a 0 
Or Or r 0م‎ r 
Ignoring gravity 
2 
A 
——sin(0) --.10)0( 
: A 0(۸ p EFA 1 
=p = —p-|| -—-cos(8) .—| -—-cos(0) | + ~——————~ -—_| -—--cos(9) | - د‎ 
or د‎ on 2 r al 2 r 
V VeV 
For 0 momentum £go Bc p=p: کپ‎ Va? hr Va? E 
r 0 Or r 00 r 


Ignoring gravity 


r 


r r 


— ain(0) = dnd . -A eosto) 
A of A i 0 A i i 
2, = —r:| -—-cos(0) .—| -—:sin(8) | + ~—————~-—_| -—:sin(0) | + >>> 
00 2 orl 4? al 2 


The pressure gradient is purely radial 
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Problem 6 Bí 


(ees هم‎ Ao ۱۹ chet of. ` desea. CC Go, s wat 
AÁ ruda SX. € Ie c5 


CEP 


Coses Los Gema X We, vem wwe Lex سا‎ MNCR Pe 


E 


ae sass Coen. e are C= û ري‎ 


7 

C r i 
i DON : Pa 

AX E) ELL ENG Lg 
Le 


VA cS Ma pressate arado N =- EN Sandar dente 
WH AG وک‎ e = ha BAD 


a, 
x 
Basie هرې‎ i EN -NOm X 
سنشئ؟‎ ens ه0‎ mea د‎ See 


Neng, Yow Sank Case TER Qe 2U ans E 1 ۱ 


> 
dd EN pens: R " 
C > w°? e 
ES ES ولا‎ A لا 2 ې‎ 
٢ ل د‎ i px n d 31 E 
C w>” $» © 


PERE پد رعتصي‎ LBS So 
Ser o E 


i E 
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eaaet, 


| Given: Re اوتف‎ coa i via Ke Seada, RE incon presi Dos 


۷ 


hake pito 25 1 
ZOU SHEETS د‎ SQUARE 


2] - 


Problem 7 
Guen Radios ex کیت‎ ase ex Årene 


AL werd Suree MIS s ae as i . ۰ 
LN = At x " Ry a 
مل هسمچت‎ Sn Dresde فعصګنه‎ i | : 
So N= zons y سا‎ ONES `. | 
= مات‎ 


V ed. be kinan. so AN 
wa Ca حا‎ 


a : d^ 
Base eq paion : EN = e 
Mesuret iens O A Sas ¡ON dE ese Sos 
Gy nee. Ss Comas, 
IN ce AM Asa, esc rearme 
VA Re WM خېکشت‎ Re AD | 
EN 7 


AR 2 کی‎ — EY eu 
an” SAC SE S ER 
1. 
: 8 -0 a 
Se = a 

a وه‎ de T RENE 
Rao NS = 2 R = > ae VAS =- s: al 
- - الم 8 د‎ 
at Rr c Nu 


* 
Ray, Roe عمق " سلو يی‎ > ¿O ón. 
ey 


- 
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T5 د‎ SQUARE 
TS د‎ SQUARE 
TS 5 SQUARE 


[rmm 
نف‎ 


Problem 6.28 [3] 


6.28 Repeat Example 6.1, but with the somewhat more realistic 

assumption that the flow is similar to a free vortex (irrotational) > , - حا"‎ 
profile, V; = c/r (where c is a constant), as shown in Fig. P6.28. In e 

doing so, prove that the flow rate is given by Q = ky/Ap, where k is 


ra | 217? 
k=wln| = || 
ri \ piri — ri) n r2 
0 
and w is the depth of the bend. vA ١ 
Given: Velocity field for free vortex flow in elbow 
Find: Similar solution to Example 6.1; find k (above) 
Solution: 
Basic equation 95 = م٧‎ with ۷ =Vg= E 
or r r 


Assumptions: 1) Frictionless 2) Incompressible 3) free vortex 


For this flow p + p(9) so p= m - = 
or dr r " 
m 2( 2 2 
2 2 
c < to 1 pre (n =x") 
Hence Ap = P -P1 = Pear = E يه‎ AAA (1) 
r TY و‎ 2۰ 719 
n 


Next we obtain c in terms of Q 


Hence c= 


or 2 2 2/2 2 
: prc (n -») PQ (n و‎ 
Using this in Eq 1 Ap = p - py = مب پ بپ سو‎ 


2 2 2 2 
Ty cm 2 [E 2 2 
2-w -In m Ty ول‎ 


Solving for Q 
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y Ap or Quniform V P 2 


Problem 6.29 


6.29 Using the analyses of Example 6.1 and Problem 6.28, plot 
the discrepancy (percent) between the flow rates obtained from as- 
suming uniform flow and the free vortex (irrotational) profile as a 
function of inner radius 7}. 


From Example 6.1: Quniform = VA = w-(r2 1 )- 
wry A Ap | 
In 
e pets 
From Problem 6.28: م په‎ " 2 js 12 Eq. 2 
wry 4 Ap ai a 
Instead of plotting as a function of inner radius we plot as a function of r»/r, 
TES 
à 
m 
S 5.0% - 
a 
25% | 
dx | | | 
oe نل دو‎ 
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Part 1/2 


Problem 6.30 [3] 


Guen: hc دو‎ = (Ra BYE ېک‎ kere A- MS 
Demo مه‎ ound RENDUM UN ASE reassured ux یې‎ 


Sueno; RA E ETA e sà 
CE ېړ نه ور‎ m m RI eN هه‎ p 
Wands ¡CN Ae Nec Nos Niel ~ acesas کا که‎ ¿nes 


RS ېی‎ 6 Bio 3 o Areare ex. M 
va Bre Mawes a Soa Rive Ree es GS Ye E AN 


CONUS وي‎ 


ِ په‎ " zs 
e Loge £ o SC m NIS کا‎ A yr x aa AR SACRA 
و‎ cT oma AU کا‎ € Mines: 


CM A e Sree arduas‏ نن 
Gu da == ESO A‏ یا Eure‏ 
Gey Gis NS = 1 eee‏ 


we اما‎ © ET Non ES 


of 
Ris: eese MB Le = Se e = ده‎ T. Lm 
Misses: GN S 
SEN poen NX + TAQ, 


d = Gus» 2\ ¡ESA a A M wl 
= ¡SS uc EN = ٢ AN “ EN 


we د ير‎ 
Qe = SG Am NT uS SONS AL + eS, eNa- Das 
ae TEE و‎ E AN 


ES له‎ oe are eek on Qo kaon are: که‎ 
de Se compone cec ds ده د ون‎ E. esa Pe Ms 
aoe oa Sa. = Ge Es دت یلا‎ EN 
S - ELE = O43), - OBS. 
T CAN = 
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anal “rans i‏ سا 
ag‏ 
aZ‏ 


Part 2/2 


رهم 


Problem 6.30 [3] 
په په‎ E, = = SEN "e . (o. dy -QS se NEN ee 
A = MBA په‎ = AU ~ owi nio 


Tor ې‎ Noe Rs Sas و‎ Tubes s ipe C. NA 
C هکی‎ ara, NR. ERN ADI) MX eS Ss No Das چا‎ 


e په‎ : = 
sa ow p suce PA ES wala a. E 


ar} 21. 
e د‎ MENS ANS Ve 


Nes es Sul Bes um voe. دا‎ d. c e & m 
No No Sse Ran RUN dus. No e a 


Tuuder خسکه‎ nonnai Mo a Aureos ane sous 
Pela = ee ee 


Streamline Plot 


Distance, y (m) 


i 
i : i 
i 1 
| l 
| : 
: 0 1 2 3 4 5 | 
i 
i Distance, x (m) 
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Problem 6.31 [4] 


6.31 A velocity field is given by V = [Ax? + Bxy?]i + 
[Ay? + By] f; A = 0.2 m 2-s", B is a constant, and the coordi- 
nates are measured in meters. Determine the value and units for B 
if this velocity field is to represent an incompressible flow. 
Calculate the acceleration of a fluid particle at point (X, y) — 
(2, 1). Evaluate the component of particle acceleration normal to 


the velocity vector at this point. 


Given: Velocity field 
Find: Constant B for incompressible flow; Acceleration of particle at (2,1); acceleration normal to velocity at (2,1) 
Solution: 
— de de : DV av 0 | QV av 
Basic equations du 9v = 0 d, = —— = u——ctU——ctw-— T —— 
0 x 0 y D t Ox oy 07 0 t 
2 . 
total convective local 
acceleration acceleration acceleration 
ofa particle 
: 3 2 3 2 
For this flow u(x,y) = Ax +B-x-y v(x,y) = A-y +B-x -y 
2 yey) «D vy) =lat + xy) S (n + Bay) =0 
Ox Oy OX Oy 
0 0 2 2 1 
—u(x,y) *—v(x,y = (3A +B)\x +y)=0 Hence B--3A B = -0.6—— 
ox oy 2 
m `s 
: 3 2 3 2 
We can write u(x,y) = A-x —- 3A. xy v(x,y) = A-y -3:A-x -y 
Hence for ax ay = y + vou = (ax = 3A y) (4.3 = 3 iiy") + (a.y? = 33^] 2 (an? = TET 
Ox Oy Ox Oy 


ay — 3.42% (2 + A 


= uy yyl y = laos 340992 (ays TEN ES (ays T 


For ay ay ٥ (ay? - TEN 
Ox Ov Ox Oy 
2 
ay = 3.42y. (2 + y) 
2 2 
2 
Hence at (2,1) ay = 3 “2 x 2.m x l2? + (mm? ay = 6.00.7 
m-s 5 
2 2 
0.2 2 2 m 
ay = e» x 1.mx [2m +(1-m) i ay = 3.00.7 
m-s 5 
2 2 m 
a = fa tay تر د‎ 


We need to find the component of acceleration normal to the velocity vector 
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3 2 7 
Av O—3AX- V 
At (2,1) the velocity vector is at angle Oye] = aaf Z) = atan SL 
i: Ax پد‎ 
d 62 g 
1-324 
Ove] = atan as Oye] = —79.7-deg A@ 
2 -3-2-1 
ay 1 
At (1,2) the acceleration vector is at Bacce] = atan| — Bacce] = atan E Bacce] 6858 
angle ax 
Hence the angle between the acceleration and velocity vectors is A0 = Baccel - 0۰ A9 - 656 
The component of acceleration normal to the velocity is then a, = asin(A0) = 6.71 -sin(106-deg) ay = 6.455 
5 5 
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Problem 6.32 
ES Ka AL و ها‎ S کې‎ E oD, نو ما‎ ۳ 
Quo Sea کا‎ 


Mr Mar une re, As \ E. S ځغه‎ eser: od ore, 
کي دب دا‎ =O ond Haz = © 


us GA‏ په د MS C Qua 1٤‏ د وي 
هکم os N E‏ عا cC‏ کن dy cows oC aur‏ 


OA ae AO‏ ادون SS oae Keough C. e 1 has‏ یک 
eed ess on Ne AI.‏ 


[4] Part 12 


meum‏ 2 هه Les *A CU 3 = O a‏ علکاعی مې می حا ay‏ سه 


ES Se OS MIN gu = می‎ IQ 

zo Oe Se A M KR " (E So, o Ra مدا‎ 
X= atte ري‎ = a T- A 

Te و‎ US که‎ o AA - goaide NN 

E ورو شو‎ = EDU M - eee 

de= es V. 2a SAN - SEINEN 


i 


Oe in VS AS A t eS EDEN EN‏ ئک c= Pa wy‏ پک 

Pes "-—— € 
xe» are مه‎ e سن‎ A As 
t d NC EAS Nose mo NS Re "cdi کا‎ 


اکا انا يا ^ 
- 


ta Ea 

= pm = i = n C - x 
PAI تت پا خي‎ SES 
p T d sediet Vora ca Qu Ax eo ne Mes 


S. "M ius CRUS ON Ai -S OL =O, که‎ 


٠٢ nornai ais اف‎ SK NEA ٢ 
Y. 
Sy = د شي‎ ENS GRADO): C ee ~o ox 


& 
-Š ہہ ے‎ AA 
e. 


a لل‎ ox 
X M 
pu e ۷۶١ OS 83 
DAK, Bay Qs 


Re Nog ex Qa Cire cating, 1 dea 
په‎ So ~ek au 
2 1 e 


ER WE 
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Seer K 


3 
E 
2 
bo 
k 


ROS Problem 6.32 [4] Part 22 
SS dy, Rar | 

Mox X 
A ۱ 


NP : 
e Epi ox Se Astor ww Prong G Le w Xuan. 


= O and عا‎ dvs be exc 


Plot of Streamline 
i 
| 
| 
1 


Brand‏ ريب پا 
Distance, y (m)‏ 
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PE 


Problem 6.33 [4] Part 1/2. 
Given: Intompress ible, 2-2 flous with yz AXxg, US =0; A =2 f | 
| Fined: (aj Acce ran of particle at (2,4) = le. 


(b) Radius of می صا لف‎ Of streamline AT that Porat 


(C) Fler SPALIN HNE Shots ber o 1 te, صا‎ Fr Arno ace پر ت 7 ی ےر‎ 
vec fer, 


Solution: For hoso-d incompressible flow, 2 4 2¥ مه‎ eo 
ee ax ey ) 


QU T ; uar: i a al A 
رد‎ =~ a “Ag; Tag Ehag, کل‎ ZAY VeAxye- ZAF, 


| The لم‎ Yon د(‎ 


/ 
Gp, =u E TEES * )/ 7 Y Ay) ې‎ C EASY Ax) a SIG 


/ z- 
&p,, u rue = (Axor CEA Ay) = ېغه‎ 


ay 
| 2 = : ZŁ 24M + / 2. 2 A — m UT d 2^ / 2 — 
p "gAUxe't FF Ag] at (,/) Ap 1 dU LT) Go 
| Af a, = y? A x V* (here A | Acce fero normal y 2 | 
Y) X ? $ £ E > 72 | 
ri 
E ; L d 
| A* G,D, Va € -If Hs, دک‎ V. = (synt v dg frs | 
| | 
To had Ap, obt ap PE 255 the Unit nva Vector, 10 Taria es BEC | 
, | | 
| 2 = Dl T u ^ om E AS p ^ ! 
| A ۷ دي‎ n* tn^: | 
| A 5 a4 g 82 L 
iu Ap سمل‎ BI = LL ے‎ BÓ / 
j^" دوک‎ * 77 y/ wn 
Subst he fo | 
2 y? 179 £38 5r 5 Fu Pon 
| 5 Za —a 2491 A S ES 
The avri IS ex E oly a ex = ae ac ex EE. oy aa, 
s e (A5 Ag? x F 


Lakgra Ang | ېچ لر نم هم‎ 2-٨1 iy m ba C or eo z له‎ 


Fvv (xg) = (2,1), ther =z A? 


The plo? ana shari AACS Are an He ty llas page i 
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Bran : i E i f 2 E Im : ^ : :‏ ان نې سا 


8.94 


6.25 
4.12 
2.91 
2.20 
1.74 
1.43 
1.20 
1.03 
0.90 


Accel., 


16.1 


penser Problem 6.33 


Components of Velocity and Acceleration: 


Input Parameters: 
Az 2 ftis" 
Calculated Values: 
c= 2 fe 
Coord. Coord. Velocity, Velocity, Velocity, Accel, Accel., 
x y Vy Vy ۷ ax ay 
0.08 5.00 
0.2 3.16 
0.4 2.24 
0.5 2.00 2.00 -4.00 4.47 2.00 16.0 
E 0.6 1.83 
a 0.8 1.58 
$ 10 141 283 -200 346 283 566 
i 1.5 1.15 3.46 -1.33 3.71 3.46 3.08 
M 2.0 1.00 4.00 -1.00 4.12 4.00 2.00 
2.5 0.88 4.47 -0.80 4.54 4.47 1.43 
3.0 0.82 4.90 -0.67 4.94 4.90 1.09 
3.5 0.76 5.29 -0,57 5.32 5.29 0.86 
4.0 0.71 5.66 -0.50 5.68 5.66 0.71 
4.5 0.67 6.00 -0.44 6.02 6.00 0.59 
| 5.0 0.63 6.32 -0.40 6.34 6.32 0.51 


Acceleration: 
2 1 
4 2 
Velocity: 


Distance, y (m) 


Distance, x (m) 
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[4] 


Problem 6.34 


6.34 The x component of velocity in a two-dimensional incom- 
pressible flow field is given by u= — A (x? — y Mé + y 2 where 
u is in m/s, the coordinates are measured in meters, and A = 2 
m?+s”!, Show that the simplest form of the y component of vel- 
ocity is given by v= —2Axy/( + yy. There is no velocity com- 
ponent or variation in the z direction. Calculate the acceleration of 
fluid particles at points (x, y) — (0, 1), (0, 2), and (0, 3). Estimate 
the radius of curvature of the streamlines passing through these 
points. What does the relation among the three points and their radii 
of curvature suggest to you about the flow field? Verify this by plot- 
ting these streamlines. [Hint: You will need to use an integrating 


factor.] 
Given: x component of velocity field 
Find: y component of velocity field; acceleration at several points; estimate radius of curvature; plot streamlines 
Solution: 
3 2 
The given data is ٢١ 1 M ue As -y | 
(2,9) 
x +y 
The governing equation (continuity) is — —u + 2, =0 
Ox oy 
2. xe x^ — 
Hence n" a xx ay) ay 
dx 2 3 
(2. y) 
: . : : 2-A-x-y 
Integrating (using an integrating factor) v = 5 
(2, y) 
Alternatively, we could check that the given velocities u and v satisfy continuity 
Al - 2 8 ls - ay?) 2-A-x-y 5 
(2. y) د‎ (ey لتوب تی‎ p 
X +y X +y X +y 
so ô u + 9 --0 
Ox oy 
The governing equation for acceleration is 7g — Dv V = í2Y. n ae +u ov + ov 
P Dt Ox oy dz 01 
_ A _——_— امسا‎ 
total convective local 
acceleration acceleration acceleration 
ofa particle 


For steady, 2D flow this reduces to (after considerable math!) 


0 0 
à, =U—u+Vv—u 


x - component x 
Ox Oy 
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ee 2.۸.x 
Zoe 
3 
x +y 
2 
2.۸ y 
ay = : 
2 
(+? + y?) 
ay = 2 
5 
m 
ay = ee 
5 
m 
ay = -0.0333.— 
S 
2 
u 
rT2-— 
په‎ 


1 2.A-x-y 
(uy) Gay) 
1 اا‎ 
د‎ IL Gey) 
ay = o2 
5 
ay = d 
ay — o2 
5 
or 
r= 0.5m 
r= 9 
r= 1.5m 


ake- Al exe]. 


-|= په 


Qu JL Qu 


0 


ay = wey + vv 
Ox Oy 


paa 2 3 
2 2 2 
(«yy || ky? 
u = 2.— ۷ = 0— 
5 5 
u = 0.5-— v= 0-— 
5 5 
u = 0.222.۳ yaos 
5 5 
radial = ûy == 
2 
m 
د‎ 
5 
y = 1m - 
دې‎ 
2 
5 
i 2 
شا‎ 
5 
y= 2m r= — 
025-2 
2 
5 
2 
(022222) 
y = 3m r= Ae A 


0.03333-2 
E 


y - component 


Evaluating at point (0,1) 


Evaluating at point (0,2) 


Evaluating at point (0,3) 


The instantaneous radius of curvature is obtained from a 


For the three points 


The radius of curvature in each case is 1/2 of the vertical distance from the origin. The streamlines form circles tangent to the x 


_ 2 Axy 
dy v. (s T 8 2xXy 
s Nan (x -y) 
5 


http://librosysolucionarios.net 


axis 


The streamlines are given by 


SO 


This is an inexact integral, so an integrating factor is needed 


1 2 
First we try R= jd ie d (-2-x-y) | = -£ 
2 
-- dy 
, 1 
Then the integrating factor is F=e سات‎ 
y 
(2-y) 
; : X X —y S 
The equation becomes an exact integral -2-%.dx + dy = 
y y 
se e (2. 2 : 
So u= 2.— dx = -— + f(y) and u= Me )همس‎ 
y y y y 
x 2. 2 
Comparing solutions Ņp=— +y or X +y =-y = const-y 
y 


These form circles that are tangential to the x axis, as shown in the associated Excel workbook 
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14] 


{| | | | 


y values 
2.00 2.25 2.50 2.75 3.00 3.25 


AR UW‏ ددنت 


3.77 
3.75 


5.01 
5.00 


4.76 
4.75 


4.51 
4.50 


4.26 
4.25 


4.02 


3.50 4.00 
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0.25 0.50 0.75 1.00 1.25 


Problem 6.34 


6.34 The x component of velocity in a two-dimensional incom- 
pressible flow field is given by u = -A(x — y /) + y Y. where 
u is in m/s, the coordinates are measured in meters, and A = 2 
m*+s”!. Show that the simplest form of the y component of vel- 
ocity is given by v= —2Axy/(x? + yy. There is no velocity com- 
ponent or variation in the z direction. Calculate the acceleration of 
fluid particles at points (x, y) — (0, 1), (0, 2), and (0, 3). Estimate 
the radius of curvature of the streamlines passing through these 
points. What does the relation among the three points and their radii 
of curvature suggest to you about the flow field? Verify this by plot- 
ting these streamlines. [Hint: You will need to use an integrating 


factor.] 
Given: x component of velocity field _| 
Find: y component of velocity field: acceleration at several points: estimate radius of curvature; plot streamlines 
Solution: 2 
x 
Y=—+y 
y 


This function is computed and plotted below 


0.10 


2.50 
2.25 
2.00 
1.75 
1.50 
1.25 
1.00 
0.75 
0.50 
0.25 
0.00 


x values 


٢٢ کو‎ Problem 6.35 [4] Part 1/2. 


eer e OD غه مي-سي‎ El We ANG oO 23, cages 


CENA ها‎ : ES A 1 
es - BA vJeuse BE VAS and roo RS 
TSS غه‎ EES - j^ GS = سه‎ and, Phas O 


(X aseo ER XK Rud añu ax CN 00 E‏ تیا 
WS €G vos eK Gases 8 "e Aene cx NF. I: GO» ex‏ 


O es^ GA GM Bou) ado ond a es‏ یت 
QAM. ar Du -W‏ 


Tor Ly و هو تفا‎ se Sus ÓN da ٣ ې‎ = m | 

Mx C d E: CON = ) M Peut e ERA da پو‎ aya — SEN : 

Coon. Ra AA دوه‎ est € ې مې‎ SO We E 1 e | 
AS 

EN AE wan of a AWA gas s کا‎ 

Ges ها‎ S e RE S (aa WD- رن ما‎ 


Nos A (EN 
> 24 


H 
E 
5 
* 


0 ۰ 
penn T 2 An awh MN == 
Ses beu tals Aa NA AM کي د د‎ Ae SN 
e 1 دد‎ : MARA = osl- aN AN. 


S 
We. ; TERNG ORC CN OW pos ues a Å rear NIS ke 


ae = m t 
= = 0. PA پو‎ sa ES So 
SV RA > 
p mands wer oen normaro په ما‎ Asesora شا‎ 


-—» m. - 
دي‎ e ا‎ Au =©. کي‎ + Qos OS 


E serre سمچ سی‎ c. SUAE worn کا‎ 


An = a Lita = (e x A Comot- om 


& 
- لل "لا‎ loo AS 
e. 


ga 
SN Rob) 


Oo ځا ېه‎ 
۰ Doe. oC X NS oL SN APCS VS en 11 
امه نا هه‎ 
SA 7 Napa سم‎ 
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TO Problem 6.35 [4] Part 212 


us هد په‎ Lol =O څحه‎ ES Mas = hoe or 


MAD c. 
Nes eq pos of Re Bure ene Grog SA o ۷ A => 


2 
1 
: 
E: 
lo, 
ke 


Distance, y (m) 


Distance, x (m) 
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Constant B for incompressible flow; Equation for streamline through (1,2); Acceleration of particle; streamline curvatun 


dV dV oV oV 
u— + v—-w-— س‎ 
dx dy dz dt 
convective local 
acceleration acceleration 


very) = By - xy?) 


0 


i xy] -0‏ اص 


(8 E aay] Æ aa E iss] = (4-A + By E ay") =0 


+ ES ub xy + y!) 


rad y = nS oxy" + Lead 5 xy] + [-4- by 5 di ٣ y » xy) 


a 
oy 


Problem 6.36 


6.36 Consider the velocity field V = A - 6x7)" + yi + 
By = xy yj: A =2m"*+s”!, B is a constant, and the coordi- 
nates are measured in meters. Find B for this to be an incompres- 
sible flow. Obtain the equation of the streamline through point 
(x, y) = (1, 2). Derive an algebraic expression for the acceleration 
of a fluid particle. Estimate the radius of curvature of the stream- 
line at (x, y) = (1, 2). 


Given: Velocity field 
Find: 
Solution: 
Basic equations ðu 7 0 - د8‎ DV 
=p *p 
Ox dy i Dt 
total 


acceleration 
ofa particle 


For this flow u(x,y) = a ex^y) de y 


? sx y د وی‎ [an e y^ y] + 
Ox Oy Ox 


% uy) +Lv(x,y) = B- 
ox oy 


Hence B=-4A 


Hence for ay 


ay = û 3958 i = A: 


(x4 = زو‎ + y)? [G^ B oxy" $ آل‎ 
07 0 


x 
ay = dA (2 + A 
Oy x 


ay = 4-Ay (2 + yy 


3 3 3 3 
For a streamline ee so B ENSE HE. (s L E ) 
: dx mE —-6x.y E g -6x^y sa] 
1 
d 3 16 2 1d d d 
s u=2 کے‎ SIL Y hys es sc uut. ud xb uu 
x dx dx X dx x dx x dx dx 
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dy du 2 les - 15) 7 ai - " - ali - " 


Hence k Su ود‎ IUE 23 A A A ي ”ڪڪ ي‎ 
1 1 
(s - 6x y «y! 1 hae 
u u 
du 4 Gina ) de 10-024 5) 
X — —| z — 
T ogiri u -6u +1 
u 
4 2 
dx -6u +1 1 
Separating variables — = يقاس‎ In(x) = Pa 10^ 5-u) FC 
iS idu - 10-u +5) 5 
(a 10u ١ Sule? =C y, - 10-y x + 54x. = const 
y 5 3.2 4 
For the streamline through (1,2) y - 10-7 -x +5-y-x =-38 


Note that it would be MUCH easier to use the stream function method here! 


2 2 
To find the radius of curvature we use a, = ae or IR] = وي‎ 
R an 
We need to find the component of acceleration normal to the velocity vector V 
3 3 
At (1,2) the velocity vector is at angle Oye] = aaf z) = atan At 
x 5 -6x -y +y ) 
4-(2- 8) 2 
0, = atan] لر‎ Oyo = -73.7-de 
vel | 1 247 5 vel E 
3 
2 2 
a. . . . + 
At (1,2) the acceleration vector is at acce] = atan — | = atan esty ey] = aa0[*) 
1 a x 
angle x 4-4.2 y^ 
2 
Baccel = ZB Bacce] 656 
Hence the angle between the acceleration and velocity vectors is A0 = ©. cca 7 0 A9 = 137-deg 
The component of acceleration normal to the velocity is then a, =a-sin(A®) where a= T + 2 
3 2 
2 
At (1,2) ay = oM Sy y) enon x A? = 500-m x —| = 2000.5 
m.s 5 
3 2 
2 
ay = al y le + y) = 1000-m x A? = 1000-m’ x | : | = 4000.5 
m -s 5 


a = | 20007 + 4000. a=44722 ۾‎ = asin(A0) a, = 3040— 
2 2 2 


5 5 5 
u= E ey? + " - کې‎ ۷ Be y xs) - 48.2 V=y u^ Y = 50.2 
S S 
2 2 2 
V 1 
Then |R| == R = [50-2 | x — 5 R = 0.822m 
ay 5 3040 m 
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Ah = 1.37-in 


Problem 6.37 


6.37 Water flows at a speed of 10 ft/s. Calculate the dynamic 


pressure of this flow. Express your answer in in. of mercury. 


Water at speed 10 ft/s 


Dynamic pressure in in. Hg 


1 2 
Pdynamic = or 


2 2 
Aa EY E 
2560٠٤ ٤8 


2 2 ¿ 
Ah = i, لي کم‎ ZEN 12:in 
2 32.2-ft 


13.6 1-ft 
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Given: 
Find: 
Solution: 


Basic equation 


Hence 


Problem 6.38 
Given: Standard air 


[1] 


Fine: Digna mia pressure Hart corresponds to V= okm D» 


frr standard ar, p = 123 kg m3 


Then = Ly! ER ALCOI (loco) m (5 As? 
Pega = 2 Ea deno n TRT 


Puja = PS N fm? Peter 


ns mary bt expressed Yo nveniently as a WAR limo height. 


bau, Pego a PSN نک رګي‎ Em 
á Cus G m* G44 kg 9. pss 


hdn = 0.0484 m or 43.4 mm haya 


A ——M———— 
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Soluhon: Dynamic pressurt is مي‎ = ي١‎ 


Problem 9 [1] 


6.39 You present your open hand out of the window of an auto- 
mobile perpendicular to the airflow. Assuming for simplicity that 
the air pressure on the entire front surface is stagnation pressure 
(with respect to automobile coordinates), with atmospheric pres- 
sure on the rear surface, estimate the net force on your hand when 
driving at (a) 30 mph and (b) 60 mph. Do these results roughly 
correspond with your experience? Do the simplifications tend to 
make the calculated force an over- or underestimate? 


Given: Velocity of automobile 
Find: Estimates of aerodynamic force on hand 
Solution: 
For air p= 0.00238. Us 
کې‎ 


We need an estimate of the area of a typical hand. Personal inspection indicates that a good approximation is a square of sides 
9 cm and 17 cm 


A = 9.cmx 17-cm A= 153cm 


The governing equation is the Bernoulli equation (in coordinates attached to the vehicle) 


1 2 
Patm + QPY = Pstag 


where V is the free stream velocity 
Hence, for Pstag on the front side of the hand, and Patm on the rear, by assumption, 


p= (Pstag i Patm)’A = Zo va 


(a) V = 30-mph 
2 2 
1 
1 1 1 22 
F=—-p-V-A = x 00230-3-28 x | 30: mph. — | x 153em” x F = 0.3791bf 
2 2 f° 15-mph 2.54-cm 
(b) V = 60-mph 
2 2 
1 
1 1 1 2 pr 
F=2p.v%a=2x0.00038:8 x | 60-mph—_] x 153em” x F = 1.521bf 
2 2 کې‎ 15-mph 2.54-cm 
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Ah 
3 slug 
Pair = 2.42 x 10 73 
ft 
Vc 93,7% 
J 5 
2-SGgg: pg Ah 
Pair 
ft 
V = 54.1— 
5 


Problem 6.40 


6.40 A jet of air from a nozzle is blown at right angles against a 
wall in which two pressure taps are located. A manometer con- 
nected to the tap directly in front of the jet shows a head of 0.15 in. 
of mercury above atmospheric. Determine the approximate speed 
of the air leaving the nozzle if it is at 50°F and 14.7 psia. At the 
second tap a manometer indicates a head of 0.10 in. of mercury 
above atmospheric; what is the approximate speed of the air there? 


Given: Air jet hitting wall generating pressures 
Find: Speed of air at two locations 
Solution: 
y? 
Basic equation وو — وه و‎ ١ = const Pair = 2 Ap = PHgÉ Ah = SGHg p: 
Pair 2 Rair T 


Assumptions: 1) Incompressible flow 2) Inviscid 3) Steady 4) Along a streamline 


Hence, applying Bernoulli between the jet and where it hits the wall directly 


2 2 
Pam Vj — Pwall Pair Vj — 
qo emo Pwall = (working in gage pressures) 
Pair 2 Pair 2 
l Ib 144i ۳ 1-slug 1 
For air Pair = 14.7— X —— X — × 
2” ..2  5333ft]bf 3221bm (50+ 460)-R 
in 1-ft 
2 
Pair Vj 
Hence Pwall = SGgg p-g Ah BE. so M = 
u 1 f ft 
Hence v; = 2x 13.6 × 194228 , و‎ «32.2.5 x 045in 
کم‎ 242x103 8 sj mun 


Repeating the analysis for the second point 


2 


2 
Pam Vj _ Pwall 1 v? 


Pair Pair 


7 
Hence V= 7ه‎ -2x 13.6 x 194.28 x — ft «3225 x 0.1-inx 1ft 
S 


f 242x10 ? Sg ې‎ 12-in 
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Problem 6.41 [2] 


Gwen. Pract dolic peda is used No measure speed. v standard or. 


Find. Wenoedes defledion n mm Wo 


Cortes şonê Ne anen 
اه مه‎ i ENS 


tens Va? mem of ۵ l‏ یہو 
S , + X‏ 
i constant la G6 o2‏ د پو Base aq pions s E‏ 
àv‏ 


sun hens o Sas 
Don e flo 
GY flaw olom a Áreomine 
y RARAS caer duen to Xx 
(BY ې‎ cons for manondiec 
Freon Re Besnoukd eq prin 
Do ME 
eRe 
wd 


Tor Ke متوو‎ AK N به چل‎ - ES 


hd 


RR ce z م-‎ 30 = SN 


"Nen x 
à NN . لا‎ 
Pao سه و5‎ 2 
and. È xa dx ES 
ar X . د۱۵‎ noos 1 EN مون‎ A 
i Est — هر‎ "ia * * د‎ BN Ys z es me, 
Pwo 2 AMA, > a aS 
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Sades. 


[2] 


8 


Find. کی‎ Sagan OR A aah = xu ic 


Qesuesse cs UN Sar Sp DS هغه‎ rascal ase. ara GN i cern press e Sus | 


mm WAS 
5 EN ځا‎ Rao 


Problem 2 


Gusen : Saad kunni اب‎ SÁ. and Má sa ac ab Sua. 
Wa 2.3 Aie ٨ o." - م۰ ه. ما‎ que 
R = ama RSS D T= £C 


ds) * So x : 2 l f 
e Conposrt. Pido e. Nunes wo, ML وو‎ 
UR Ral weosured Al O i 


| Sdn: 
la Da Salen Wage 7 aR 


Fall 


«K + ARA A NS ور‎ 

WT پچ‎ * = ve LXXX “ua muay 7 ESO 
همه‎ CENE « دد‎ AaS 
په"‎ = È RS = 3 « WAN S. ES nN = 


e^ EN da Nen "D = Ta * BP. 


(eR “Re ME. Gare Ro do م‎ SO gone 
Run m 
a n E. ea Mn - as EN QVEM, hom, Mus 
a ab se war ٩ 
7 pS = = 5% a SOS 


| ۵ لن تو‎ UP = -5698-20 - 335 hs چو ېم‎ 
ex Yer ل2 دو‎ ee Soest 


pope aa M DA 
e ANTO gis SP oe PLA سم‎ 

Tn Be cobradas duos Me Areas are cused | 
Une همو‎ El No pressure marei Ne Ma Arean 
| Sanaag چ‎ 
and hA. رد‎ A OS Re e ers Ese 


Yu casa | NS کم % ے‎ 
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f 
A a 


Problem 3 [2] 
Gren کی‎ - ŞKeSSUSE, Magro ÓN soy No gro ra 


Ma: NM EE A e& o Ne c یلا‎ 5 REN pce cies Lor $ Re sr 
MOSRiSAR eS Lp No Wo WROD SES} ÉS 
ah qna A oC used S MO CALA € OU So. 
MA = 


SER «ems S UN Sola Sas 
UN QN ek E 
ئی‎ a Saus 


RB Ámo ok “A o سي عاو‎ . 


E PERES 


V eee Mode WE TUR ۹ه‎ Cor NS ON SG = OG? 


PAE AA AN د‎ ee ال‎ ] ads 


Jet Speed vs. Hydraulic System Pressure : 


| 400 | 
| i 
| j 
| 
j| |. 300 
| F 
¡| E 
> 
e 200 
o 
a 
£. 
ur 
T 
> 0 
i i 
0 
0 16 20 30 40 | 
System pressure, Ap (MPa) | 


We. cu > Rosen Tes ENS X Buses یلا‎ UNA 
EE d & ES SE ACE ANON. ; Du. Ne E 
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Soon, 


E 
E 
3 
* 


Problem 6.44 


: [2] 
Gwen, We fus n apen CEG | 
and sra os Lan ' O 
Ne A ened 
Pan --. ج‎ MS سا‎ ALO ^ HN, 
t= 260, ودي لا‎ a نیو‎ 
Ne chun 
Considar aw ^o Me ند هسفا‎ . 
Tes ٢ We weed iN kunei a Sec cn © 
Salon; ي پچ‎ 
Base eq paa: E TS AS E موی‎ 
Waco ens AD E P 
LA eee tes he us 
و و‎ Ñan : 
(AN Lao هله‎ a Arachne, 
(N غه‎ behou as am لعفف‎ qos 
د‎ A sanas Pressure = Nau 
V cons Me Werra مصلهرې‎ ; Re = in 4 دد‎ 
۴ eg. 
RI, = Man = eN 
د‎ 1 Res 
? 
eee Ne manone. reading, LE EN = "وم‎ Ken 
او 2 | ت ېلا‎ 
R 
Fran Me deol Soe eq seien ot doe 
"mE. man x 4 = a | 
uu Aog 1 Fn NA 
[A A 1 i 
N مې‎ an = a 9eR x وزی درد د‎ = NS nl | Na 
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cy 


5 SQUARE 
EET 5 SQUARE 


EETS 5 SQUARE 
EETS 


TEE: 
viv 


[A]. 


Pj 


Problem 6.45 


Given: Ltheeled dart of Problem 4.123! 
V= Yo mis 
4= 25 mento. 
Water, no friction en vane, #۵ =/20° 
Vane accekrates to the right 


Find; At iastant when U = 18 mjs, 
(a) stagnaton pressure kaving nozzle, relative fixed observer. 


(b) Stagnation pressure MANIN 033K relative te observer on vane. 


(c) Absolute Velocity of jet leaving vane. 


(d) Stagnation pressure of jet leaving vant, relative to Pixel "m 
(e) How wotld viscous forces increase, decrease, on Hare Unchanged 


the Stagnation pressure in (d), How can you jush fy, Hus? 
Solution: Stagnation pressure I5 d =p Hev? or a-p- levi 


۰ -L 0 A * 4 
At yee, Poj 7" zpv* = x ES ولسو وب‎ 794 kPa (gage) 
mn r 


um (aad 


E 


i 2 
At cart, Pore!" Lp(v-v) ووی د‎ es a x aS 2n د ووو‎ 


Leaving vant, Vus "Ut + O-U) (ost + sine f) 
Vang * LU FU cose lt+ (V - Ui sie 


E (+5 m tonis a, x) e + (40-18) M, ES 
ام 2177 + د2 = نا‎ 


: 4 
The magnitude Nags | “(2.5 Gy] mj, = 21,8 ms 
Leaving vant, toy 7 +0 laws |", relative to A fixed observer, Thus 
By gnes = 1x49 kg x (21. ms, Nis” k Fa. (gage) 
frat d MZ (۷.ا2)ي‎ i am 7 A. 744 
a fixt 27 bed <i ول‎ =e 4 6 
f The corresponding Olasolute pressures are deo, 413, and 338 Ka (abs). } 


Discussion: Viscous forces would slow the jet speed relative to the vane. The jet would enter the 
vane with relative speed (V - U); it would leave the vane with speed a (Y - U), where a < 1. 


Friction would reduce both components of relative velocity leaving the vane. The absolute 
velocity of the jet leaving the vane, as seen by a fixed observer, would decrease. Thus the 


| stagnation pressure of the flow leaving the vane, relative to a fixed observer, would decrease. 
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dius‏ یا ډیا ویر 


EB 


Problem 6.46 
Gren: Sveadut Mas of mee Krouga 
NS څخه‎ Nok: E OS ARA 
cO 


D= osn We e oS 
bow ٢ Wm ROM 


Find « Gane A ia ; 7 K dence usete eee Sod. 


1 e | 
Adaon oc coñas a COM. SOM A میمص غه‎ EN We. 
Rake No BR 


ad‏ لچ 
ERÊ Ne AG VS Vern " Men app ved. ona a HMM ae‏ 


e 
Leow © Ne (E rec ۳ | 
ha 1 
ao 
> هم > س‎ 
F dose BQ POMS | Ot Se = * J Ra 
پل له په‎ 


| له Araba Da‏ پد : guess‏ رووا 
NS VE, as A‏ شڅه AE‏ يحم LEN‏ 
ay Gades La‏ 
د 8 O‏ له زا SA‏ سه 6 نه 
N «۸ |‏ 


I2 C gage - 0 
SS 


Aes q, =e | 
3 | 


M 


rs , 
د‎ 4 5 SS OP o YAN کې‎ 


7 171 د‎ (es 
E m ( OSA E 


Quo \ v SA A sr \ a AA 


1 

| 

H 

| 

| Tear Be dry eg ON eS 
i v تر‎ 

H 

i 


Fran e Bermeo e eran 


— یپ لېو‎ B " TY n : نه‎ E A E n : END Sa 
| Resp es SEQ iuo m 


f 1 MB په‎ "Ud i 
E ee = a, | د‎ AED) ٭‎ "la =; ٢ a ۹5٩۳ از‎ Pore. | 
تي‎ eee >" ‘ se S> || Xs. | 
v EOD | 
: i 

- t Í : 1 ^s 
ve 1 = 22 TY iv = PRA EN - ‘A van j دی سا‎ MÀ LN 
ER : : 
| XX Aasen s (Se EN e d " xa EN یالت‎ dum zo 


08 


e LON ua | | 
| E bx 2 el AN WS 
NS aes E -G5 Urea! To SMS. 


` NAE Los, ee a (AY یا‎ k ES 
NS 


ره 
K‏ 
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A aduon O and D 


Problem 6.47 
ens Nes مها‎ AN odo des نه‎ 


YE On Re deo SALÓN) Ne ENN ee 


à" Tera 


o Y, > ONS M‏ دا 
ve regia :‏ وه Pudiera ees‏ 
Vressure, Ta‏ ایسا 


5 


S Wee ecd یں‎ S C Shaun ^o derrame EN 
"ere SUN. equol ف‎ Wen مې‎ acs A 


fran O چا‎ lo Aerea EN a 


Dase دوو ته‎ 7 O= ZA " C e : 


Assungiians Ww fX eo; دا‎ 
EN Lor عا اووم‎ Sao 
(S ۷ € Where $s Ñan ds à 
(QN Row ar ae SV Sa^ Sel 


BY ur ox 
Fran We contre, equalicn 


Dz > Vena + ند‎ 
Wen 


5 


a, We i 
him RS Ñ چا‎ da JA pe = NM le 


¿From he dera sian, 


Ne = Ro FE) > REN 


pe 


maria EL 


doo د څک‎ E qure NE ده هه‎ On « لي یم‎ 
کر‎ TS S ge 


«MA ٩ Ram 
c ۳ 


= 


a kai = ZA ka, E) == 
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H 


H 


- 


Problem 6.48 [2] 


6.48 You are on a date. Your date runs out of gas unexpectedly. 
You come to your own rescue by siphoning gas from another car. 
The height difference for the siphon is about 6 in. The hose diam- 
eter is 1 in. What is your gasoline flow rate? 


Given: Siphoning of gasoline 

Find: Flow rate 

Solution: 

Basic equation P 4 a + g:z = const 
Pgas 2 


Assumptions: 1) Incompressible flow 2) Inviscid 3) Steady 4) Along a streamline 


Hence, applying Bernoulli between the gas tank free surface and the siphon exit 


2 
Pp Pp 
que m + و‎ g-h where we assume the tank free surface is slowly changing so Viank <<, 

Pgas  Pgas : and h is the difference in levels 

Hence V =42:g:h 
nD" 
The flow rate is then Q = V-A = —— y 2-g-h 
4 
2 3 


1-ft ft 1 ft al 
Q= Ty (Lin x x [2x 32.2 — x —-ft Q = 0.0309 — Q = 139 2% 
4 144. 2 2 2 S min 

-in 5 
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(gage) 


Problem 6.49 


6.49 A pipe ruptures and benzene shoots 25 ft into the air. What 
is the pressure inside the pipe? 


Given: Ruptured pipe 

Find: Pressure in tank 

Solution: 

Basic equation m Lll + g-Z = const 
Pben 2 


Assumptions: 1) Incompressible flow 2) Inviscid 3) Steady 4) Along a streamline 


Hence, applying Bernoulli between the pipe and the rise height of the benzene 


Ppi p 
a CUM + g:h where we assume Vpipe <<, and h is the rise height 


Pben  Pben 
Hence Ppipe = Pben' gh = SGhep'P:g'h where Ppipe is now the gage pressure 
From Table A.2 SGhen = 0.879 


2 
1 ft lbf- 
Hence Pben = 0.879 x 1,94. Px 32.2.7 x 25-ft x PES 


ft 5 


lbf 
= 1373 — = 9.53 psi 
slugft Pben ۴ Pben p 
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Problem 6.50 [2] 


6.50 A can of Coke has a small pinhole leak in it. The Coke is 
being sprayed vertically in the air to a height of 20 in. What is the 
pressure inside the can of Coke? 


Given: Ruptured Coke can 
Find: Pressure in can 
Solution: 
2 
Basic equation +— +g-Z = const 
PCoke 2 


Assumptions: 1) Incompressible flow 2) Inviscid 3) Steady 4) Along a streamline 


Hence, applying Bernoulli between the coke can and the rise height of the coke 


Pcan 870 


= +g-h where we assume Vcoke <<, and h is the rise height 
PCoke م۱6‎ 


Hence PCoke = PCoke £h = 56 مي‎ 0۰8٠٥ where Ppipe is now the gage pressure 
From a web search SGnierCoke = 1 SGRegularCoke = 1 
2 
slug ft 1-ft 5 Ibf 
Hence sap = Lx 1.94.—— x 32.2.— x 20-in x x iat = 104.— ¿ap = 0.723- psi age 
PDiet 3 7 iu ange PDiet ; PDiet psi (gage) 
ft S ft 
2 
slug ft 1-ft 5 Ibf 
Hence = 1.11 x 1.94.—— x 322. — x 20i = 116-— = 0.803-psi (gage 
PRegular ^ 2 ^ 2 mE TIS slugft PRegular E PRegular psi (gage) 
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Problem 6.51 


6.51 The water flow rate through the siphon is 0.7 ft'/s, its tem- 
perature is 70°F, and the pipe diameter is 2 in. Compute the maxi- 
mum allowable height, f, so that the pressure at point A is above 
the vapor pressure of the water. (Assume the flow is frictionless.) 


Given: Flow rate through siphon 
Find: Maximum height h to avoid cavitation 
Solution: 
; : p v? 
Basic equation + T + g:z = const Q=V-A 
p 


Assumptions: 1) Incompressible flow 2) Inviscid 3) Steady 4) Along a streamline 


3 2 Nd 
From continuity V= = = a. V= = x o7. E. x 2 x Em ۷ 32.1 
A 2 7 5 2-in 1-ft 5 
TD 
Hence, applying Bernoulli between the free surface and point A 
2 
p p 
2 = + g:h+ = where we assume Vsurface << 
p p 2 
v? 
Hence PA = Patm 7 pgh- P 
From the steam tables, at 70°F the vapor pressure is Py = 0.363-psi 
This is the lowest permissible value of pa 
Hence =p, = h v or h= oe y 
PA = Py = Patm  P&£ 1777 "m 2.g 
2 3 2 2 2 
Ibf 12i 1 ft lug-ft 1 ft 
Hence is „| أ‎ x27 کې‎ , 299. A | x— h = 170ft 
in? 1-ft 1.94 slug 32.2.ft Ibf-s^ 5 32.2-ft 
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Problem 6.52 [2] 


6.52 Water flows from a very large tank through a 5-cm-diameter 
tube. The dark liquid in the manometer is mercury. Estimate the 


velocity in the pipe and the rate of discharge from the tank. hı = 
0 PA 75cm 5cm 
(Assume the flow is frictionless.) 
— 
| Flow 
cm(h;) 
Mercury — 
Given: Flow through tank-pipe system 
Find: Velocity in pipe; Rate of discharge 
Solution: 
v? 
Basic equation P + En + g:z- const Ap = p:g:Ah Q = VA 
p 
Assumptions: 1) Incompressible flow 2) Inviscid 3) Steady 4) Along a streamline 
Hence, applying Bernoulli between the free surface and the manometer location 
2 
p 
a لا ے‎ gH + E where we assume Vsurface <<, and H = 4m 
p p 
2 
V 

Hence P = Patm + Pg H- dra 
For the manometer P-Patm = SGyg° p:g ho - p-g-hy Note that we have water on one side and mercury on 


the other of the manometer 
y? 
Combining equations pgH- Lp = 5 با 8 م - د٧٤۰٥ ږې‎ or V= Em = SGyg'h2 + hy) 


Hence V = [2x 9.81.7 x (4- 13.6 x 0.15 + 0.75)-m v=7.29% 
S 
5 


2 3 
-D 
The flow rate is Q= va Q = "E 729. x (0.05-m)? Q = 0.0143 
S S 
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Problem 83 [2] 


Caen دم مج هع هر با‎ Da, a f 
Sunc 
Massone ues “ou 


٢ک‏ بلا IN p‏ ده 


X e Noria ws NM Oreo, 3 
da la 
Sadon 


exe تد و‎ Acum as 


Base OLA CN : ~, AN A = نو‎ SW 
TOC : R x AS چ‎ 2 "NO 
> وص‎ 
as i د لحد‎ AW 
د١‎ ERE: 
ود دو سه‎ : wy سوا د‎ 


VEN AN cane esse Amo 
شى‎ ridhone Kow . 
اس‎ iow od EN ENS eo NS Se, 


ey Rew له‎ 
۷ه‎ omes Lens A oO packets 
Tron Be iaces. حصلصرهعه‎ 
see. Ae ayy 


Freon Yue SOS malian 


o= ١ اې * )- ددد‎ 


o EN 
SALE NR oo Ne په‎ 


ond 
Was 
GN = A, ape >a ES 

TEN £ یا‎ A, 


1 مشه‎ SM AS aS S Ares tases دزن ها ا تی و‎ 
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[2] 
هت ېا‎ Ger posu 


-T 


DC اسما‎ 


مه و 


* 


a E te 037 NI. 


Problem 6.54 


eR. Nider دم‎ o? SN 
das osa AS 
Anos ve SS 


ووو > ښک »4 puc‏ @ هنیا 
e dis‏ مسنرښا 


AS SEAN Adoro حددان‎ i LO Se 


T= Sows 
REESE Noo Oboe & 
ne”. 
Saison: 
Bas eq y ON ons :2 
له پک‎ 1 
* ^ 2 e Sy = 
که ص اچېسیټوی؟‎ GN A; Sas 
EN Wee PANTS 


BN as» ad 
AY We rae Ce 


¡SO OS ip که‎ A SOLO 


See corras Ne Be کے‎ Shan 


۳ 
oz EN > eM mA و هه‎ 
کې ولل وي کد‎ err. «E ed PE = 2 
کله‎ = ٢ Pesa, د‎ e o A 
Tron Ye emo eq pa on : 
غه‎ M LE E = Qs) 


m $c ae MS sal = CIEN ^ * E‏ ا 


pi. AÑ 


- ADA wrt (gage e —— سو‎ 


Fe vation Wien & Cooke OW وز دند کد‎ esos S Se P 
drat an. یپ مه‎ Sebas pressure EET 
SESS Be ۳ OS UTE A evessure هس‎ -— 
Lon Ke & 


WOT ATL شن ځکه‎ l 
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ETS د‎ SQUARE 
ETS á SQUARE 
ETS 5 SQUARE 


[2] 


Problem 6.55 


6.55 Consider steady, frictionless, incompressible flow of air 
over the wing of an airplane. The air approaching the wing is at 
75 kPa (gage), 4°C, and has a speed of 60 m/s relative to the 
wing. At a certain point in the flow, the pressure is 3 kPa (gage). 
Calculate the speed of the air relative to the wing at this point. 


Given: Air flow over a wing 
Find: Air speed relative to wing at a point 
Solution: 
: ; p v 
Basic equation = + + g:z = const p-2pRT 
p 


Assumptions: 1) Incompressible flow 2) Inviscid 3) Steady 4) Along a streamline 


Hence, applying Bernoulli between the upstream point (1) and the point on the wing (2) 


n cd ir بل‎ where we ignore gravity effects 


| (P — p» ) 
Hence Vo = e A 
p 
kg.K 1 kg 


, N 
For air p = — p = (75 + 101) x اه‎ AIM A p = 2.21— 
R-T -— 286.9-N-m (4+ 273)K 3 


N 
Then V= x (75 - 3) x 10 x 
g 


2 
m Ns 5 


NOTE: At this speed, significant density changes will occur, so this result is not very realistic 
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2 


Problem 6.56 
Given: Mercury boromtter carried i Car 0n usin d less des. 
Dut side: T ۳2 C, hog, = e1 mm Hg lcorrecten) 
Inside: V= /ps km j nr, Lomo tas ope, har = S6 mm My 


Find: la) Explain che لا‎ happening. 
(b) Local speed of aur Flow past window, relative To car. 


ng Stream, Thus lowering tnt presturn at conc) 


(b) Apply tht Bernal equa hen ia frame setn by an ioci o 
b^ the Car: 


۷ 
+ b " i z 7 y 
Basie equa hen: pt 2 027 p. E +93> خد روا‎ 


Assumphons: (N Steady flow (seen by observer on Car) 
(2) Dacompre ss: Az Flows 
(3) Neg leet friction 
(4) Flows Blog a strtam lint 
(5) Neglect Az 


A 
, "Ha, z Pi P» 
اسو زا‎ 0^ PA -[we e; C») 
From Fluid Statics 
propa = ډ يم $6 = (-م) وم‎ 4 


» i 
= 13.bx looo kg 98m , 0.0as m PS 7 


Then 


pp. = 667 ۳٨ 


and fran elea gas 


"T 
I3. b, (eco Eg perm „Oem, EIK x _« 
e مور" غه‎ Nm (D3tt)k 7 


0 = 1.21 kg [mS 
Suet: tat mg wt ES. | 


loS krn ioco br y Z CAN, me a] 
Va - وا‎ ines 36055 + re? METAN NOST 


١ 


V= 4.2mi USA kem]hr) watie to car Ve 
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Solution: (a) Air Spud lah ut h car 15 higher then 10 the 


Problem 6.57 [2] 


6.57 A fire nozzle is coupled to the end of a hose with inside 
diameter D = 3 in. The nozzle is contoured smoothly and has out- 
let diameter 0 = 1 in. The design inlet pressure for the nozzle is 
pi = 100 psi (gage). Evaluate the maximum flow rate the nozzle 
could deliver. 


Given: Flow through fire nozzle 
Find: Maximum flow rate 
Solution: 
; : p V 
Basic equation = + + g:z = const Q = ٨۸ 
p 


Assumptions: 1) Incompressible flow 2) Inviscid 3) Steady 4) Along a streamline 


Hence, applying Bernoulli between the inlet (1) and exit (2) 


P1 V4 P2 V2 
SS where we ignore gravity effects 
p 2 p 2 
2 2 
D :d d 
But we have Q =V1A¡ = vt = VA) = =— SO Vi = 12 


Hence 
t 
Then V5 = 124.— 
5 
1 
Q = 304. 
min 
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س 


AF lg 


Problem 6.58 


Given: Indianapolis race car, ¥= 183 mis, on a straightaway, 


Aur mlet at beaten where V = 25.5 mjs alng پلحط‎ Surface, 


Find: (a) Static preSsuere at inkt location. 
G) Express pressure rise as a frac hen of the dynamic pressure . 


Solution: Apply tre Bernout equation, relative to the Auto. 


Basi hon: Yo apa de 
سه سه و‎ Bes Ergo Pr Er 


Asscumphons: (1) Steady flow (As Sen by observero auto) 
Q) Incompressible flow (Vg < ٥٥٥ mises) 

(3) No frichon 

(4) Flow along A Streami ne 

(5) Neglect changes 11 3 

(b) Standard air: p = 1:23 kg [m3 


Then 
ET n د ام‎ 
p pe ¿eve “keve = geva [I] = 2 [0] 
grt Vo E GP-S خر‎ MOS n 5.94 ERA 
Ap 


ats wi د‎ = 5,133 
وود‎ (Es 


And Ap= Dese = 1.933,54 kPa = 5.59 kfo. 
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D SHEETS 5 SQUARE 
H 5 SQUARE 


SHEET: 
D SHEET: 


[2] 


Problem 6.59 


Ax a — E 


undar eC rudos هه‎ 


ajuar, she, E 


Fed. OD ee Sagat Ce oe uro ټی کی‎ 
us iet. ومک‎ Aud y په کې‎ 
خي‎ No seh on; ¿as R= 


Bosc t4 es : E * Es a 9C ced est, 
وي؟‎ Cn v AES no: Qs ae 


(QN MN Co N 
O EEEN w AN 


IS سیا‎ o As 
Kander Sen هه‎ T=aa and KT - € wo shed, 
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` و‎ 
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b a‏ د سا 


SQUARE 
SOUARE 


ream nana 


500 SHEETS, FILLER 


FIL 
2-31 SO SHEETS ẸYE-EASE* 
-B2 100) SHEETS EYEE. 


re 


Problem 6.60 [3] 


given in Table 6.2. 


6.60 The velocity field for a plane doublet is 


If A = 3 m.s 7", the fluid density is p — 1.5 kg/m", and the pres- 
sure at infinity is 100 kPa, plot the pressure along the x axis from 


x= —2.0 m to —0.5 m and x = 0.5 m to 2.0 m. 
Given: Velocity field for plane doublet 
Find: Pressure distribution along x axis; plot distribution 
Solution: 
m? k 
The given data is A =3— p= 1000.5 Pp = 100-kPa 
> m 
A A 
From Table 6.1 V.=——: 0 Va = 0و‎ 
r 5 cos(0) 0 1 sin(0) 


r 


ylindrical coordinates (r,0). For points along the x axis, r = x, 0 = 0, V, = u and 


1 | 
P IV + g:z = const where V= T + y 


r 


where V, and Vg are the velocity components in c 


Vo =v=0 


The governing equation is the Bernoulli equation 


p 


2 


so (neglecting gravity) P, ju — const 
p 


Apply this to point arbitrary point (x,0) on the x axis and at infinity 


At |x| > u>0 P> Po 
At point (x,0) u= E 
x 
Hence the Bernoulli equation becomes 
Po p A? pA” 
بد‎ e )و‎ =p 2 
P P 2.x 2-7 


The plot of pressure is shown in the associated Excel workbook 
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2.0 


B] 


1.8 


Pressure Distribution Along x axis 


Problem 6.60 


6.60 The velocity field for a plane doublet is given in Table 6.2. 
If A =3m’es |, the fluid density is p = 1.5 kg/m’, and the pres- 
sure at infinity is 100 kPa, plot the pressure along the x axis from 


x = —2.0 m to —0.5 mand x = 0.5 m to 2.0 m. 
Given: Velocity field for plane doublet 
Find: Pressure distribution along x axis; plot distribution 
8 2 
Solution: هم‎ 
p(x) = po- 4 
E 
4X 


The given data is 


A= 3 m/s 
p= 15 kg/m 
PoF 100 kPa 


| 0.6 99.948 | 
PNIS 
ہے‎ 100.0 4 
© 
۵ 
= 
2 999 | 
99.9 4 
99.8 1 


0.0 0.2 0.4 0.6 
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Problem 6.61 [3] 


6.61 The velocity field for a plane source at a distance h above 
an infinite wall aligned along the x axis was given in Problem 6.8. 
Using the data from that problem, plot the pressure distribution 
along the wall from x = — 10h to x = +10h (assume the pressure f 
at infinity is atmospheric). Find the net force on the wall if the h 
pressure on the lower surface is atmospheric. Does the force tend 
to pull the wall towards the source, or push it away? 


Given: Velocity field 
Find: Pressure distribution along wall; plot distribution; net force on wall 
Solution: , 
m 
The given datais q = pt. h = 72 p= 1009-5 
"n m 
: : (v—h : h 
pS ut q m ; "- 46 ) 3 vot ) ; 
2d x +(y-h) i لد‎ + (y +h) 1 د‎ + (y -h) i 2en|x + (y +h) i 
The governing equation is the Bernoulli equation 
1 
Eg IV + g:z = const where V= 5 + y? 


Apply this to point arbitrary point (x,0) on the wall and at infinity (neglecting gravity) 


At |x| > 0 u 0 v0 ۷ ج‎ 0 
At point (x,0) u- +S v=0 V= I 
EE +12) E +12) 
Pam p 1 qx à 
Hence the Bernoulli equation becomes ==+- 
0 p 2 T le +h ) 
2 

or (with pressure expressed as gage pressure) p(x) = £. ts 

7 x +h ) 


(Alternatively, the pressure distribution could have been obtained from Problem 6.8, where the momentum equation 


2 2 2 
; "T. pq x -1) ۱ "- 
was used to find the pressure gradient —p = along the wall. Integration of this with respect to x 


n^. (2 + 12) 
leads to the same result for p(x)) 


The plot of pressure is shown in the associated Excel workbook. From the plot it is clear that the wall experiences a 
negative gage pressure on the upper surface (and zero gage pressure on the lower), so the net force on the wall is upwards, 


towards the source 
10-h 


10-h 2 2 
The force per width on the wall is given by F = | (Pupp a= Plower) dx F= Nu 2% dx 


-10-h 2.7 (2 . y 
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N 
F = -278— 


2 


10 N 
——— + atan(10) | x : 
101 k 


gm 


The integral is 


2 2.h 2 2 
(2413) 2.h + 2-x 
SO F P i E + o) 
2-7 -h 
1 k ik : 1 
ES-— x10004 x| 25 | x— x 
2 2 3 5 1-m 
T 
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Problem 6.61 31 


6.61 The velocity field for a plane source at a distance A above 
an infinite wall aligned along the x axis was given in Problem 6.8. 
Using the data from that problem, plot the pressure distribution 
along the wall from x = — 10h to x = +10h (assume the pressure i 

at infinity is atmospheric). Find the net force on the wall if the h 
pressure on the lower surface is atmospheric. Does the force tend 

to pull the wall towards the source, or push it away? 1 


Given: Velocity field 
Find: Pressure distribution along wall: plot distribution: net force on wall 


- 


: 2 
Solution: p) = -P l qx | 
8 


2 2 
(; E) 
The given data is B i 


q= 2 m/sm 
h = 1 m 
p= 1000 kg/m? 


Pressure Distribution Along Wall 


3.0 |-18.24 
| 40 |-11.22 
-7.49 
| 6.0 | -5.33 


| 8.0 | -3.07 
| 90 | -2.44 


10.0 | -1.99 


|-1824 | 
| -11.22 | 
| 7.49 | 
| -5.33 | 
| -3.07 | 
| 2.44 | 
| -1.99 | 


x (m) 
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[3] 


Problem 6.62 


6.62 A fire nozzle is coupled to the end of a hose with inside 
diameter D = 75 mm. The nozzle is smoothly contoured and its 
outlet diameter is 0 = 25 mm. The nozzle is designed to operate 
at an inlet water pressure of 700 kPa (gage). Determine the design 
flow rate of the nozzle. (Express your answer in L/s.) Evaluate the 
axial force required to hold the nozzle in place. Indicate whether 
the hose coupling is in tension or compression. 


Given: Flow through fire nozzle 
Find: Maximum flow rate 
Solution: 
: ; p y B 1 J ٤ ۳ 
Basic equation P t E + g:z = const Q=V-A F, = Fs, + Fs, = E I upd¥ + 8 upV-dA 


V9 = 37.6— 
5 
Q = 18.5.— 
5 
R, = -2423N 


Assumptions: 1) Incompressible flow 2) Inviscid 3) Steady 4) Along a streamline 


Hence, applying Bernoulli between the inlet (1) and exit (2) 
— +— = — + چو‎ where we ignore gravity effects 


d 


But we have Q = VA = رو با‎ = Vy" so ME v (s 


Hence 
Vo = 
ma? T m 2 m 
Then Q = V>—— Q = — x 37.6-— x (0.025-m) Q = 0.0185: — 
4 4 5 5 
From x momentum Ry +py Ay = u(-p-V1:Ay) + uz (P-V2:A)) using gage pressures 
2 2 2 
TD T-D d 
Hence R,=-—Ppy: tpQ(V5- V1) = -p1 tpQ. V,|1-|— 
gy (Vo کسه‎ p | ol 


x 5 5 75 kg.m 


3 3 2 

N k 25V | N 

R, = -700x 10" x 7. (0075-m) x 1000. E x 0.0185. x 37.6. x f - | | xL 
m m 


This is the force of the nozzle on the fluid; hence the force of the fluid on the nozzle is 2400 N to the right; the nozzle is in tension 
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Problem 83 


Given: MozgH coupled D straight pipt by flanges, ni? 
Water flow deschorges y» Atmosphere, 
Far steady, mincid Flow, Ry e - 4S. ۸ 


Find: Volume flow "ate. 
Solution: Apply تی د وو‎ x 


momen fim, and 8 li. 
aoli) 


Basic eguaten: 0 em +f e. dA 


A Ea 
v = fa 7 
!o Ye € rej. $ u 
"ÓN 


Fs ne ss +f it~ ول‎ 


> Alo frithen 


Asstamphons : (1) Steady flou 


G) ښا‎ fece Flos ar ecac hstc hon (4) Horizontai, fa, =0, کرت‎ 


G) Flow Along a streamline o) Use Gage pressures 
(4) Tneomporess eje flou 


LV, a - 7-29 ; AYA e ےا‎ 
Po vt wo, NA Ur 1 
z* د و‎ Beg Y y] Br) 


&, =V; Uz = Y 
1 
L 
far A [gr s) = pra, (bo ۰ puta) 
Thus 
"a - ~2 Kx و‎ eee Zo V, = -2 Rx l 
e^ SEIT ! eA, Gy =) 
n 
V, |ب‎ Senn, m اع سلوو‎ ٤٣ دا 1.30 ے ال‎ 
کو‎ » oe 292 -, 
20 
Finally , 
ab aes 30.2 E oom) = 2,55 xio 3 m/s Q 


E ————M—— 


-07) 
دزن‎ fe =U f-lev.al} + ure Ad] EVA nw) 


Note: It E necessary to "cogn iae that Ky «o for a nezgle, Ste } 


s AE HA) 5 


! Example Problem 4.9, 
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` 
EL — — 


Problem 6.64 [3] 


Quer + Nader Sons Deo. dud Aroua a qa wor Bao NS 
BI B.2S ې‎ amd dus a A Sa e | 
Cá = 123 mx Ne oO e ESS Sos S 


Dz WS ginn | 
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i Ke Pw wur forma of Age norne aseo, 


on ده‎ $e orgs : h 
o 
SNO AA, ae 


i 
cS Lnd 
کیک‎ ream re پک ين‎ Q ; i 
Due and E) Seres A 
nk EN a L3 Ra یلال‎ . 
e* t ES د چک‎ MN 


Osses". W Shiro Sas Cs نس ما‎ Gas 
Q^ KE ess Gas ©) Gas o موه‎ 
DY tte هاا‎ une LOS dra serch 


y > AP n E‏ لډ 
XN = ee d es E QN‏ یلا $ پد Wren = a‏ 
KAX.‏ = مه o‏ مک ye M icis‏ = .2 
E = A 2 x‏ 
ELL ECON‏ په 
a= Se SB LSN Sa. = Cars : QUSS‏ 
E E wea x wu WAS gn” Gos ES we‏ 
MA o oma‏ یا = لا 
Rae be = Woot} ee Los TEN‏ 
T £X SN : (‏ و = A‏ 


پد spa‏ ©3 ک3 
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SQUARE 
SCARE 
SQUARE 


Problem 6.65 [3] 
6.65 Water flows steadily through the reducing elbow shown. on 
The elbow is smooth and short, and the flow accelerates, so the ef- Supply pipe 
fect of friction is small. The volume flow rate is Q — 20 gpm. The + ==> _— Reducing elbow 
elbow is in a horizontal plane. Estimate the gage pressure at sec- D=1.5in. — 


tion (1). Calculate the x component of the force exerted by the re- + په‎ 


Plan view =| | = = 0.5 in.‏ و 


9 


F; = Fs, + Fg, = 7 


/ upd + | upVedA Q =V-A 
CV Jcs 


ducing elbow on the supply pipe. 


Given: Flow through reducing elbow 

Find: Mass flow rate in terms of Ap, T4 and D4 and D; 
Solution: 

Basic equations: r + ~ + g:z = const 


Assumptions: 1) Incompressible flow 2) Inviscid 3) Steady 4) Along a streamline 5) Ignore elevation change 6) p? = Patm 


3 
ft 1 
Available data: Q = 20-gpm Q = 0.0446 D = L5:in d = 0.5-in p = قو‎ 
5 کې‎ 
From contnuity Vi = TE CN V4 = 3.603- Vo ا‎ Vo = 32.7— 
2 5 2 5 
T-D wd 
4 4 
2 2 
Hence, applying Bernoulli between the inlet (1) and exit (2) Py V1 E. Vo 
p 2 p 2 
or, in gage pressures Pig = P (vg - vi) Pig = 7.11 psi 
From x-momentum Ry, + pj A, = u1:(-Mrate) + uz: (Mrate) = -Mate V1 = -PQ V1 because u = V u=0 
-D 
R, = Pig - PQV] R, = -12.91bf 
The force on the supply pipe is then K, = -Rx Ky = 12.9lbf on the pipe to the right 


http://librosysolucionarios.net 


Problem 6.66 [2] 


6.66 A flow nozzle is a device for measuring the flow rate in a 
pipe. This particular nozzle is to be used to measure low-speed air \ *. p 
flow for which compressibility may be neglected. During oper- Di D; tow, 


ation, the pressures p, and p» are recorded, as well as upstream | i x 


temperature, T}. Find the mass flow rate in terms of Ap = p2 — p, 
and T}, the gas constant for air, and device diameters D, and Dı. 
Assume the flow is frictionless. Will the actual flow be more or 
less than this predicted flow? Why? 


Given: Flow nozzle 
Find: Mass flow rate in terms of Ap, T4 and D4 and D; 
Solution: 
: : p ys 
Basic equation La EN + ١ = const Q=V-A 
p 


Assumptions: 1) Incompressible flow 2) Inviscid 3) Steady 4) Along a streamline 


Hence, applying Bernoulli between the inlet (1) and exit (2) 


+— = — + — where we ignore gravity effects 


But we have Q=Vy A, = Vr : = V so V1 = V2: T 
1 


Note that we assume the flow at D» is at the same pressure as the entire section 2; this will be true if there is turbulent mixing 


Hence Vo -V5- 
p 


Using 


For a flow nozzle 


We can expect the actual flow will be less because there is actually significant loss in the device. Also the flow will experience a vena co 
that the minimum diameter is actually smaller than D2. We will discuss this device in Chapter 8. 
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Problem 6.67 [4] 


6.67 The branching of a blood vessel is shown. Blood at a pres- 
sure of 100 mm Hg flows in the main vessel at 4 L/min. Estimate 
the blood pressure in each branch, assuming that blood vessels be- 
have as rigid tubes, that we have frictionless flow, and that the 
vessel lies in the horizontal plane. What is the force generated at 
the branch by the blood? You may approximate blood to have the 
same density as water. 


| 01 = 4 L/min 
P, = 100 mm Hg 
Given: Flow through branching blood vessel 
Find: Blood pressure in each branch; force at branch 
Solution: 
v? 
Basic equation BÉ. op gz = const T Q=0 Q=V-A Ap = p-g-Ah 
p 2 
CV 
0 a 3 
رون‎ + Es, = =| upd¥+ | د‎ 
x Sy B. = 3t Jev p CS p 
a ول‎ 
F, =F, +F =—[ v d¥+ | vpŪ ۰ dA 
»77$ 77B "لهو‎ cs ^^ 
Assumptions: 1) Incompressible flow 2) Inviscid 3) Steady 4) Along a streamline 
For Q3 we have Q =-Q,+Q5+Q,=0 so Q3 = Q1 -Q Q EN 
3 2. 1+Q2+Q3 3 > 41-۹2 3 min 
CV 
We will need each velocity 
م0‎ MON 4 L Lm? lmi j 35 
Vie Hey o E. V4 = 08492 
Ay 2 7 min LL 60۰s 0.01-m 5 
4 4-Q3 
Similarly V> = V9 = 0.943 = V3 = V3 = 5.09— 
2 5 2 5 
Hence, applying Bernoulli between the inlet (1) and exit (2) 
2 
Py V1 P2 V2 ۱ : 
— + — = —+— where we ignore gravity effects 
p 2 p 2 
p 2 2 
P2 = p+2(v, -V2 ) 
P1 = :لټ‎ hi where بط‎ = 100 mm Hg 
kg m . 
P1 = 13.6 x 1000.— x 981-7 x 0.1-m x Py = 13.3-kPa 
5 


HN kg.m 
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Pp = 13.2-kPa 
h> = 98.9-mm 
p3 = 706-Pa 

hg = 5.29-mm 


«cos(60-deg)) 


Ry = 0.375N 


2 2 
N 1 k N- 
Hence p» = 13300.— + 1000.5 x (0.849? - 0.9432). ae | see 
2 3 5 kg-m 
m 
3 2 
p : 
In mm Hg Na hy = ico cs due x 13200.-N. y em 
SGgg 8 13.6 1000 kg 9.81-m mt eN 
Similarly for exit (3) p 2 2 
P3 Mo )۷( ډ۷-‎ 
2 
N 1 k N- 
pa = 13300- + 2.1000-48 x (0.849? - 5.092).(™) کل‎ 
3 
2 2 3 5 kg.m 
m m 
3 2 
p : 
In mm Hg a = hg = 2 x E و‎ x 706-2.» kem 
SGyg'P:8 13.6 1000 kg 9.81-m SN 
Note that all pressures are gage. 
For x momentum Rx + p34:A4:cos(60-deg) — p5-A»-cos(45-deg) = uy (p:Q3) + uz(p:Q)) 


Rx = P7'A>:cos(45-deg) — p3-A3-cos(60-deg) + p-(Q7:V2:cos(45-deg) - Q3: V4 


1-(0.0075-m)* 
4 


T (0.0025-m)^ 


A x cos(60-deg) ... 


N N 
Rx = 13200. 7 x x cos(45-deg) — ING 5 x 
m m 


-3 3 
m 1-min 


kg | x 
1-L 60-s 


L m L m 10 
+ 1000. 2.5: -0.943:—-cos(45-deg) — 1.5-——-5.09-:—-cos(60-deg) | x 
3 min 5 min 5 


m 


For y momentum Ry - P3:Ay'sin(60-deg) — pp-A>-sin(45-deg) = v3:(p:Q3) + v2:(p:Q)) 


Ry = p? A»: sin(45-deg) + p3:A3'sin(60-deg) + p-(Q7:V2:sin(45-deg) + Q3: V3:sin(60-deg)) 


R, = 0.553N 
kgxm y 


2 2 
N :(0.0075. N -(0.0025- 
ROG E A ck 0G OD een deg. 
y 2 4 2 4 
m m 
-3 3 : 
kg L m. L m. 10 -m 1-min 
+ 1000. — | 2.5-——-0.943-—-sin(45-deg) + 1.5:——-5.09-—-sin(60-deg) | x x 

" min 5 min 5 LL 60-s 
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Problem 6.68 [3] 
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Problem 6.69 


[3] Part 1/2 


& M 
^o * NOSSA Ma 


Gwen: BR Cob ewe nouve doonward کې‎ Fs S Ku. 
mo Me کل و‎ of Ke sera wee Re 
ok Mase Wm O. s^ m al 
DESEEN E ک۷‎ , peres undar Tead conii ions 
Mnd شی‎ Re nassu لاکد‎ c ved سي سه‎ 
SS ع‎ 
ف‎ Re, pia erste COR Cy v E or Re 
c» Nas uinen د‎ dey ct 15 ګه‎ a R. 


| مکو‎ i + - سم نس دناو‎ tir art (e) 
— ; 
a موس‎ 
Bo مد ها‎ s PURA Occurs uinen Lardon 8 l | 

necdecied | So we pt Re nen heist‏ وا 
e =‏ متا 


اي 
ak a Ve ie d fs: qoc‏ ,+ 
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Problem 6.69 [3] Part 2/2. 
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Problem 0 [4] 


6.70 Water flows out of a kitchen faucet of 1.25 cm diameter at 
the rate of 0.1 L/s. The bottom of the sink is 45 cm below the fau- 
cet outlet. Will the cross-sectional area of the fluid stream in- 
crease, decrease, or remain constant between the faucet outlet and 
the bottom of the sink? Explain briefly. Obtain an expression for 
the stream cross section as a function of distance y above the sink 


bottom. If a plate is held directly under the faucet, how will the 
force required to hold the plate in a horizontal position vary with 


height above the sink? Explain briefly. 


Given: Flow through kitchen faucet 
Find: Area variation with height; force to hold plate as function of height 
Solution: 
pov - "ue 
Basic equation a + 2 + g:z = const Q = VA F, - Es, + Fs, = - ۸ vpdY + ا‎ vpV-dA 


Assumptions: 1) Incompressible flow 2) Inviscid 3) Steady 4) Along a streamline 


Hence, applying Bernoulli between the faucet (1) and any height y 


2 2 
۷ 
— +gH= os + gy where we assume the water is at pat 
2 
Hence V(y) = lv F2-g.(H - y) 
The problem doesn't require a plot, but it looks like ME 08152 V(0-m) = 3.08 Z 
5 5 
5r 
4 
E 
Ll 2 
+ 
E ——S—2——2 st] tA ot tt == 
0 5 10 15 20 25 30 35 40 45 


y (cm) 


The speed increases as y decreases because the fluid particles "trade" potential energy for kinetic, just as a falling solid particle does! 


But we have 0-۷ )د‎ = Vp =V-A 
2 
VA TD, -V 
11 1 1 
A(y) = 


Hence A= 
2 
«lvi + 2-g:-(H — y) 
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The problem doesn't require a plot, but it looks like 


45r 
_ 30 
2 = 
A(H) = 1.23cm مك‎ 
^ 15 
2 
A(0) = 0.325cm 
0 0.5 


1 1.5 
A (cm2) 
The area decreases as the speed increases. If the stream falls far enough the flow will change to turbulent. 
For the CV above Ry -W= Wip (-P:Vin'Ain) = -V-(-p-Q) 


Ry =W+ TET = W+ ead vil 2-g.(H — y) 


Hence Ry increases in the same way as V as the height y varies; the maximum force is when y = Rymax = W+p:Q:- | ar +2-8:H 
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Problem 6.71 [4] 


An old magic trick uses an empty thread spool and a playing card. The playing card is 
placed against the bottom of the spool. Contrary to intuition, when one blows downward 
through the central hole in the spool, the card is not blown away. Instead it is ““sucked”” 
up against the spool. Explain. 


Open-Ended Problem Statement: An old magic trick uses an empty thread spool and a 
playing card. The playing card is placed against the bottom of the spool. Contrary to 
intuition, when one blows downward through the central hole in the spool, the card is not 
blown away. Instead it is ““sucked”” up against the spool. Explain. 


Discussion: The secret to this “parlor trick" lies in the velocity distribution, and hence 
the pressure distribution, that exists between the spool and the playing cards. 


Neglect viscous effects for the purposes of discussion. Consider the space between the 
end of the spool and the playing card as a pair of parallel disks. Air from the hole in the 
spool enters the annular space surrounding the hole, and then flows radially outward 
between the parallel disks. For a given flow rate of air the edge of the hole is the cross- 
section of minimum flow area and therefore the location of maximum air speed. 


After entering the space between the parallel disks, air flows radially outward. The flow 
area becomes larger as the radius increases. Thus the air slows and its pressure increases. 
The largest flow area, slowest air speed, and highest pressure between the disks occur at 
the outer periphery of the spool where the air is discharged from an annular area. 


The air leaving the annular space between the disk and card must be at atmospheric 
pressure. This is the location of the highest pressure in the space between the parallel 
disks. Therefore pressure at smaller radii between the disks must be lower, and hence the 
pressure between the disks is sub-atmospheric. Pressure above the card is less than 
atmospheric pressure; pressure beneath the card is atmospheric. Each portion of the card 
experiences a pressure difference acting upward. This causes a net pressure force to act 
upward on the whole card. The upward pressure force acting on the card tends to keep it 
from blowing off the spool when air is introduced through the central hole in the spool. 


Viscous effects are present in the narrow space between the disk and card. However, they 


only reduce the pressure rise as the air flows outward, they do not dominate the flow 
behavior. 
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Problem 6.72 ` 14] Part2/2 


Mon دو هم‎ Cay ho WO پک‎ ds 


ll T3 


Draining of a cylindrical liquid tank: 


Plot of hih, vs. t for0.1<h¿<1m Plot of hih, vs. t for 10 < Did «2 
input Data: D= 50 mm hgz 1 m 
= 5 mm 
ho (m= 0.1 0.3 t Did (Ly = 2 5 10 
Time, t (s) h/hg(--) hlhy(-—-) (س)م لاط‎ Time, t {s} hihg(---)  hihal-)  hlhg(-—) 
0 1.00 1.00 4.00 0 1.00 4.00 4.00 
2 0.739 0.845 0.913 0.5 0.523 0.913 0.978 
E 4 0.518 0.703 0.831 1 0.199 0.831 0,956 
3 6 0.336 0.574 0.752 1.5 0.029 0.752 0.935 
5 8 0.193 0.458 0.677 1.6 0.013 0.737 0.930 
* 10 0.090 0.355 0.606 3 0.539 0.872 
12 0.025 0.265 0.539 á 0.417 0.831 
14 0.000 0.188 0.476 5 0.310 0.791 
16 0.125 0.417 6 0.219 0.752 
18 0.074 0.362 7 0.144 0.714 
20 0.037 0.310 8 0.085 0.677 
22 0.012 0.263 9 0.041 0.641 
24 0.001 0.219 10 0.013 0,606 
26 0.180 12 0.539 
28 0.144 t4 0.476 
30 0.113 16 0.417 
32 0.085 18 0.362 
34 0.061 20 0.310 
36 0.041 
38 0.025 
40 0.013 
45 0.000 
1 
d i TATUR TS ——————————HÀ — LEE 
| Level Ratio vs. Time for Tank Draining | Level Ratio vs. Time for Tank Draining | 
| T | 
| | 
| T | T 
Ic E 
ES جحد‎ 
= = 
£ و‎ 
E E 
چم چو‎ 
| | : f 
: 10 20 30 40 | 0 5 10 15 207 
Time, f (s) a Time, ٤ (s) 
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Problem 6.73 


16.73 A horizontal axisymmetric jet of air with 0.4 in. diameter 
strikes a stationary vertical disk of 7.5 in. diameter. The jet speed 
is 225 ft/s at the nozzle exit. A manometer is connected to the cen- 


ter of the disk. Calculate (a) the deflection, if the manometer 
liquid has SG = 1.75, (b) the force exerted by the jet on the disk, 
and (c) the force exerted on the disk if it is assumed that the stag- 
nation pressure acts on the entire forward surface of the disk. 
Sketch the streamline pattern and plot the distribution of pressure 
on the face of the disk. 


Pe 


V= 225 ft/s SG = 1.75 


ae 


© 
I7 
I 


Given: Air jet striking disk 
Find: Manometer deflection; Force to hold disk; Force assuming py on entire disk; plot pressure distribution 


Solution: 
Basic equations: Hydrostatic pressure, Bernoulli, and momentum flux in x direction 


2 


p ۷ 0 غاز یي‎ 
PY gos constant =F =F +F, --[ u dv + | uoV . dÀ 
p 2 2 . By ° 3f Jev P CS P 


Ap = SG: pg. Ah 


Assumptions: 1) Steady flow 2) Incompressible 3) No friction 4) Flow along streamline 5) Uniform flow 6) Horizontal flow (g = 0) 


Applying Bernoulli between jet exit and stagnation point 


Patm v? Po 1 y? 
a gui Po ^ Patm ~ > Pair 
Pair 


Pair 
1 2 

a Pair RE 

=p... = SG-p-g-Ah so As uu. y 

Po ~ Patm - SG-p-8 2-SG-p-8 


2 3 2 
Ah = 000237738 x [ 225.) ل ې‎ 3 
te 2.1.75 1.94-slug  322.ft 


But from hydrostatics 


Ah = 0.55-ft Ah = 6.60-in 


For x momentum R, = Vis 


04 Y 
1 2 TUY pr 
R, = 000237728 x (2251) y ae 


R, = -0.105-1bf 
* ft S 4 slug: ft * 


The force of the jet on the plate is then F = -R F - 5 


x 


; ; 1 2 
The stagnation pressure is — pg = Patm + 5i Pair V 


The force on the plate, assuming stagnation pressure on the front face, is 


2 
F= (Po = p)-A 2 Zoar VE 
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2 2 2 
F2 uinn ehs , [79.4 a Ibts F = 18.51bf 
8 کې‎ 5 12 slug- ft 


Obviously this is a huge overestimate! 


For the pressure distribution on the disk, we use Bernoulli between the disk outside edge any radius r for radial flow 


Patm " 1 2. P, 12 
7 Ved e = — — V 
Pair 2 8 Pair 2 


We need to obtain the speed v as a function of radius. If we assume the flow remains constant thickness h, then 


2 2 
n-d d 
= ۷۰2.7.) = V.— v(r) = V.—— 
i 4 Q 8-h-r 
We need an estimate for h. As an approximation, we assume that h = d (this assumption will change the scale of p(r) but not the basic shap 
d 
Hence v(r) = V.— 
8-1 
2 2 
ree : 1 2 2 Pap Vd (4 1 
Using this in Bernoulli P(t) = Patm + ۹ (edge - v(t) = Patm + دو ې او وو‎ 
D r 
22 
۷م ږم‎ d (4 1 
Expressed as a gage pressure p() = ————.—-— 
128 p? E: 


2.75 


3. 325 35 375 


p (psi) 


r (in) 
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See the next page for plots 
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Problem 6.74 


i 


V/QgH)" 
0006 100 | 999 
0.03 
004 Em 
E 
[oso oss | 999 || x 
015 E" 
0261 osa | oso || 3 
035 3 
0.40 
Pass | 0780 | 0995 | 
0.50 
wH 
pose] 067 | 090] - = us : 
0.65 ie = = 
س س و‎ Throw Distance of Jet Exiting Side of Tank 
12- 
[oso] 036 | 9500 — 
096 0200 | 0392 — 
0.98 
pose 0100 | 9199 . 
[i00| oo | 099 
HH 
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Problem 6.77 [4] 


6.77 Water flows at low speed through a circular tube with in- 0 

side diameter of 2 in. A smoothly contoured body of 1.5 in. diam- 

eter is held in the end of the tube where the water discharges to 
atmosphere. Neglect frictional effects and assume uniform vel- V, = 20 ft/s —- —- سل‎ 
ocity profiles at each section. Determine the pressure measured by 


the gage and the force required to hold the body. | 2 


Given: Water flow out of tube 
Find: Pressure indicated by gage; force to hold body in place 
Solution: 


Basic equations: Bernoulli, and momentum flux in x direction 
2 m 
p V 0 - = 
2 + — + gz = constant Q=VA FE =F; +h = upd¥ + | u ۷م‎ - dA 
ES i : ه‎ — gt "cv CS 
Assumptions: 1) Steady flow 2) Incompressible 3) No friction 4) Flow along streamline 5) Uniform flow 6) Horizontal flow (g = 0) 


Applying Bernoulli between jet exit and stagnation point 


2 2 
Pı V1 P2 V2 V2 
هي یز چو‎ um دحا سه کل راز له‎ where we work in gage pressure 
0 2 0 2 2 
2 2 
py (v -V1 ) 
A1 p 
But from continuity Q = V4-A4 = V5:A5 Vo = Vy— = Vy 5 where D = 2 in and d = 1.5 in 
x: D^-d 
2 
2 
V) = 29. E. ر۷‎ = 45.75 
5 2 2 5 
2 -15 
1 slu 2 2) ( ft s Ibf-s” lbf 
Hence py = 5x 1.94.8, (4.72 202){ ) x p = 1638—— ېم‎ = 11.4psi (gage) 
2 te 5 slug ft fi? 


The x mometumis -F + py-Ay - pj: A5 = uy م-)‎ VpA1) + uz (p-V2A)) 


F = p,-A, + e(vi^a, - وه را‎ using gage pressures 
Ibf m (2-in)^ slu ft g m-(2:imy? ft : sel (Bin)? - (1 54m] 1-ft 3 Ibf-s^ 
pedi, 09. o eg | A اخ کال لپ را‎ ots P ELSE rus 
2 4 3 5 4 5 4 12-in slug ft 
in ft 
F = 14.1Ibf in the direction shown 
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Problem 6.80 [5] 


Describe the pressure distribution on the exterior of a multistory building in a steady 
wind. Identify the locations of the maximum and minimum pressures on the outside of 
the building. Discuss the effect of these pressures on infiltration of outside air into the 
building. 


Open-Ended Problem Statement: Describe the pressure distribution on the exterior of a 
multistory building in a steady wind. Identify the locations of the maximum and 
minimum pressures on the outside of the building. Discuss the effect of these pressures 
on infiltration of outside air into the building. 


Discussion: A multi-story building acts as a bluff-body obstruction in a thick 
atmospheric boundary layer. The boundary-layer velocity profile causes the air speed 
near the top of the building to be highest and that toward the ground to be lower. 


Obstruction of air flow by the building causes regions of stagnation pressure on upwind 
surfaces. The stagnation pressure is highest where the air speed is highest. Therefore the 
maximum surface pressure occurs near the roof on the upwind side of the building. 
Minimum pressure on the upwind surface of the building occurs near the ground where 
the air speed is lowest. 


The minimum pressure on the entire building will likely be in the low-speed, low- 
pressure wake region on the downwind side of the building. 


Static pressure inside the building will tend to be an average of all the surface pressures 
that act on the outside of the building. It is never possible to seal all openings completely. 
Therefore air will tend to infiltrate into the building in regions where the outside surface 
pressure is above the interior pressure, and will tend to pass out of the building in regions 
where the outside surface pressure is below the interior pressure. Thus generally air will 
tend to move through the building from the upper floors toward the lower floors, and 
from the upwind side to the downwind side. 
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Problem 6.81 [5] 


Imagine a garden hose with a stream of water flowing out through a nozzle. Explain why 
the end of the hose may be unstable when held a half meter or so from the nozzle end. 


Open-Ended Problem Statement: Imagine a garden hose with a stream of water 
flowing out through a nozzle. Explain why the end of the hose may be unstable when 
held a half meter or so from the nozzle end. 


Discussion: Water flowing out of the nozzle tends to exert a thrust force on the end of the 
hose. The thrust force is aligned with the flow from the nozzle and is directed toward the 
hose. 


Any misalignment of the hose will lead to a tendency for the thrust force to bend the hose 
further. This will quickly become unstable, with the result that the free end of the hose 


will “flail” about, spraying water from the nozzle in all directions. 


This instability phenomenon can be demonstrated easily in the backyard. However, it will 
tend to do least damage when the person demonstrating it is wearing a bathing suit! 
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Problem 6.82 [5] 


An aspirator provides suction by using a stream of water flowing through a venturi. 
Analyze the shape and dimensions of such a device. Comment on any limitations on its 
use. 


Open-Ended Problem Statement: An aspirator provides suction by using a stream of 
water flowing through a venturi. Analyze the shape and dimensions of such a device. 
Comment on any limitations on its use. 


Discussion: The basic shape of the aspirator channel should be a converging nozzle 
section to reduce pressure followed by a diverging diffuser section to promote pressure 
recovery. The basic shape is that of a venturi flow meter. 


If the diffuser exhausts to atmosphere, the exit pressure will be atmospheric. The pressure 
rise in the diffuser will cause the pressure at the diffuser inlet (venturi throat) to be below 
atmospheric. 


A small tube can be brought in from the side of the throat to aspirate another liquid or gas 
into the throat as a result of the reduced pressure there. 


The following comments can be made about limitations on the aspirator: 

1. It is desirable to minimize the area of the aspirator tube compared to the flow area 
of the venturi throat. This minimizes the disturbance of the main flow through the 
venturi and promotes the best possible pressure recovery in the diffuser. 

2. It is desirable to avoid cavitation in the throat of the venturi. Cavitation alters the 
effective shape of the flow channel and destroys the pressure recovery in the 
diffuser. To avoid cavitation, the reduced pressure must always be above the 
vapor pressure of the driver liquid. 

3. It is desirable to limit the flow rate of gas into the venturi throat. A large amount 
of gas can alter the flow pattern and adversely affect pressure recovery in the 
diffuser. 


The best combination of specific dimensions could be determined experimentally by a 


systematic study of aspirator performance. A good starting point probably would be to 
use dimensions similar to those of a commercially available venturi flow meter. 
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Problem 6.84 [2] 


Carefully sketch the energy grade lines (EGL) and hydraulic grade lines (HGL) for the 
system shown in Fig. 6.6 if the pipe is horizontal (i.e., the outlet is at the base of the 
reservoir), and a water turbine (extracting energy) is located at (a) point Y, or (b) at point 
©. In Chapter 8 we will investigate the effects of friction on internal flows. Can you 
anticipate and sketch the effect of friction on the EGL and HGL for cases (a) and (b)? 


(a) Note that the effect of friction would be that the EGL would tend to drop: 
suddenly at the contraction, gradually in the large pipe, more steeply in the 
small pipe. The HGL would then “hang” below the HGL in a manner similar 
to that shown. 
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Note that the effect of friction would be that the EGL would tend to drop: 
suddenly at the contraction, gradually in the large pipe, more steeply in the 
small pipe. The HGL would then “hang” below the HGL in a manner similar 
to that shown. 


Turbine I HGL 
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(b) 


Problem 6.85 [2] 


Carefully sketch the energy grade lines (EGL) and hydraulic grade lines (HGL) for the 
system shown in Fig. 6.6 if a pump (adding energy to the fluid) is located at (a) point 2, 
or (b) at point G, such that flow is into the reservoir. In Chapter 8 we will investigate the 
effects of friction on internal flows. Can you anticipate and sketch the effect of friction 
on the EGL and HGL for cases (a) and (b)? 


(a) Note that the effect of friction would be that the EGL would tend to drop from 
right to left: steeply in the small pipe, gradually in the large pipe, and 
suddenly at the expansion. The HGL would then “hang” below the HGL in a 
manner similar to that shown. 
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Note that the effect of friction would be that the EGL would tend to drop from 
right to left: steeply in the small pipe, gradually in the large pipe, and 
suddenly at the expansion. The HGL would then “hang” below the HGL in a 
manner similar to that shown. 
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(b) 


Problem 56 [2] 


6.86 Compressed air is used to accelerate water from a tube. Ne- 
glect the velocity in the reservoir and assume the flow in the tube 
is uniform at any section. At a particular instant, it is known that 
V = 6 ft/s and dV/dt = 7.5 fus?. The cross-sectional area of the h=4.5ft 


tube is A = 32 in.?. Determine the pressure in the tank at this in- | 
stant. 
Given: Unsteady water flow out of tube 
Find: Pressure in the tank 
Solution: 1 
d de y هور‎ 
Basic equation: Unsteady Bernoulli Pr + H, +27 = P2 + Y + 2%) + Í Xas 
2 p 2 : | df 


Assumptions: 1) Unsteady flow 2) Incompressible 3) No friction 4) Flow along streamline 5) Uniform flow 6) Horizontal flow (g, = 0) 


Applying unsteady Bernoulli between reservoir and tube exit 


2 
2 2 2 
P +gh = y + Oy ds = Y + w 1ds where we work in gage pressure 
2 
۷ dv 
Hence = p| — -øh +—-L 
EA 
2 2 2 
lbf- lbf 
Hence ٤٢۴ © 39.9% ي0‎ (8 UE josh pipe (gage) 
m 2 5 slug ft fi? 
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Problem 7 [2] 


*6.87 If the water in the pipe in Problem 6.86 is initially at rest 
and the air pressure is 3 psig, what will be the initial acceleration 
of the water in the pipe? 

L-35ft 


Given: Unsteady water flow out of tube 
Find: Initial acceleration 
Solution: : 1 
a z 9 3 
Basic equation: Unsteady Bernoulli P + Vi + 9% = Pa + V2 +225 + 1 V ds 
2 ٠٢ م‎ 2 x | ot 


Assumptions: 1) Unsteady flow 2) Incompressible 3) No friction 4) Flow along streamline 5) Uniform flow 6) Horizontal flow (g, = 0) 


Applying unsteady Bernoulli between reservoir and tube exit 


2 
2 
P, gh = d V ds = 2 1ds -a,L where we work in gage pressure 
0 at dt Jy 
1 
Hence ay = Ly P + gh 
L P 
1 Ibf (12in fA slugft ft ft 
Hence په‎ = × 3.— x × x 8 + 32.2. — x 4.5-ft ay = 10.5.— 
35-ft .2 X 1ft 1.94-slug 2 2 
in s -lbf 5 5 


Note that we obtain the same result if we treat the water in the pipe as a single body at rest with gage pressure p + pgh at the left end! 
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ane 


Problem *6.90 [4] 


“6.90 If the water in the pipe of Problem 6.86 is initially at rest, 
and the air pressure is maintained at 1.5 psig, derive a differential 
equation for the velocity V in the pipe as a function of time, inte- | 
grate, and plot V versus f for t = Oto5s. 


Given: Unsteady water flow out of tube 
Find: Differential equation for velocity; Integrate; Plot v versus time 
Solution: 1 1 
ye - 2.2 
Basic equation: Unsteady Bernoulli Pr + Yi + 2% = Pa + V2 + £Z) + Í ات‎ 
p 2 p 2 y | ot 


Assumptions: 1) Unsteady flow 2) Incompressible 3) No friction 4) Flow along streamline 5) Uniform flow 6) Horizontal flow (g, = 0) 


Applying unsteady Bernoulli between reservoir and tube exit 


2 2 2 2 
Pa g:h = iN ك‎ ۷ ds = a i 1ds- i 4 aN where we work in gage pressure 
0 at 2 dt J, 2 dt 
1 
dv v^ 1 
Hence nce E gh is the differential equation for the flow 
d 2L Lip 
Separating variables EM = dt 
P e gh m 
p 


Integrating and using limits V(0) = 0 and V(t) = V 


væ = [242 + gh tanh 
p 


25r 
201 
- 
@ 151 
= 
> 107 
5r 
0 1 2 3 4 5 


t (s) 


This graph is suitable for plotting in Excel 


For large times V= [2 P, gh V= 22.6 
Y | p | 5 
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Problem *6.91 [b] Part 1/2 
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Part 2/2. 


[5] 


Problem *6.91 
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[2] 


Irrotationality a لا‎ = 


so flow is NOT IRROTATIONAL 


Problem *6.94 


*6.94 Consider the flow represented by the stream function 
Y = Ax’y, where A is a dimensional constant equal to 2.5 
m”!.s”!, The density is 1200 kg/m'. Is the flow rotational? Can 
the pressure difference between points (x, y) = (1, 4) and (2, 1) be 
evaluated? If so, calculate it, and if not, explain why. 


Given: Stream function 
Find: If the flow is irrotational; Pressure difference between points (1,4) and (2,1) 
Solution: 
Basic equations: Incompressibility because y exists u= ay v= مو‎ 
oy Ox 
2 
(x,y) = Ax y 
0 0 ( 2 ) 2 
u(x, y) = — (x,y) = —\A-x y u(x,y) = A-x 
oy ey 


rie. ls oa 
Ox Ox 


Hence 9 v(x,y) -2 w(x,y) > -2:A-y 2, E #0 


Ox Oy Ox oy 
Since flow is rotational, we must be on same streamline to be able to use Bernoulli 


At point (1,4) p(1,4) = 4A and at point (2,1) p(2,1) = 4A 


Hence these points are on same streamline so Bernoulli can be used. The velocity at a point is  V(x,y) = | ux, y)? + v(x,y)" 


۷1 = 20.22 
S 
m 
Vy = 1412 
S 


Ap = -126-kPa 


x 2.5 : 
-| -2x —— x 1-mx 4-m 
m-s 


2 
2.5 
F (-2 x — x 2-mx D 
ms 


p 
Using Bernoulli — 4 —V4 =— + 2 
0 


Hence at (1,4) Va = 


Hence at (2,1) Vo = 


2 2 
1 : N- 
Ap = 5x 1200. x (14.12 = 202)(2) poa 

5 
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Problem 6 [3] 


*6.96 Using Table 6.2, find the stream function and velocity 
potential for a plane source, of strength q, near a 90° corner. The 
source is equidistant // from each of the two infinite planes that 
make up the corner. Find the velocity distribution along one of the 
planes, assuming p = py at infinity. By choosing suitable values 
for q and h, plot the streamlines and lines of constant velocity 
potential. (Hint: Use the Excel workbook of Example 6.10.) 


Given: Data from Table 6.2 

Find: Stream function and velocity potential for a source in a corner; plot; velocity along one plane 
Solution: 

From Table 6.2, for a source at the origin  1p(r,0) = D o(r,8) = Ino 
Expressed in Cartesian coordinates w(x,y) = وسم‎ o(x,y) = nba? + y 


To build flow in a corner, we need image sources at three locations so that there is symmetry about both axes. We need 
sources at (hh), (h,- h), (- h,h), and (- h,- h) 


Hence the composite stream function and velocity potential are 
-h h +h -h 
ab(x,y) = A, atan d + atan ns + atan Y + atan T 
2-7 x-h x-h x+h x+h 


66.) د - اون ګ--‎ +00 o + ore |] - لگ‎ ++ +n Loc + 0-7 


By a similar reasoning the horizontal velocity is given by 


ue q&-h) E q(x i q(x +h) " q(x +h) 


2d (x - hy? + (y — ^] 2 - hy? + (y + ^] 2d (x + hy? + (y + 7] Sun (e T hy? + (y + a 


Along the horizontal wall (y = 0) 


- qx-hb ^Á»— 00۴-100٧  q(x-b +h) 
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Problem 6 [3] 

56.96 Using Table 6.2, find the stream function and velocity 
potential for a plane source, of strength q, near a 90” corner. The 
source is equidistant // from each of the two infinite planes that 
make up the corner. Find the velocity distribution along one of the 
planes, assuming p — po at infinity. By choosing suitable values 
for q and h, plot the streamlines and lines of constant velocity 
potential. (Hint: Use the Excel workbook of Example 6.10.) 


Given: Data from Table 6.2 


Find: Stream function and velocity potential for a source in a corner; plot; velocity along one plane 
. ent (y+h) yh j-h)) 
Solution: W(x,y) = 8 atan 3 ۱ + atan y | + atan , E atan , )) 
2-m x-hJ -h. x+h, x+h), 
2 2 3 2 7 2 ? e) 
پا‎ = lla-1 + 0-0 )la-m?+0+w*])- ze «ay «oy oe o- 1] 
#NAME? Stream Function 


#NAME? Velocity Potential 


Note that the plot is 
from x =0to5andy =0to5 
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AO 1۱١٩ ١١١ | YT 
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[3] 


q (y +h) 


E + (y + ny] 


Problem *6.97 


56.07 The flow field for a plane source at a distance h above an 
infinite wall aligned along the x axis is given by 
V= ——À xi + (y—h)j] 
272 + (y — h)*] 
q 


+ يلت‎ kit (y+h)j 
21 [2 ta ` /1 


where q is the strength of the source. The flow is irrotational and 
incompressible. Derive the stream function and velocity potential. 
By choosing suitable values for q and h, plot the streamlines and 
lines of constant velocity potential. (Hint: Use the Excel work- 
book of Example 6.10.) 


Given: Velocity field of irrotational and incompressible flow 
Find: Stream function and velocity potential; plot 
Solution: 
The velocity field is u= کل + کل‎ 5 v= AM + 

"F +(y-h) i 2| x +(y+h) i "E +(y-h) i 
Th : : 0 1 _ 0 _ 0 

e governing equations are u = py و‎ u=-—o v=-—o 
Oy Ox Ox 07 
; y-h y+h 
Hence for the stream function u(x, y) dy = —-| atan + atan )ې‎ 
x 


y = E v(x, y) dx = ale + a 22) + g(y) 


The simplest expression for yis (x,y) = C = r + anf? $ ») 
T x 


For the stream function ọ = | u(x,y) dx = IES + (y- و‎ + (y + ul + f(y) 
T 
b= | v6) dy = an + O 


The simplest expression for pis (x,y) = IES + (y — ile + (y + ul 
T 
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Problem *6.97 


56.97 The flow field for a plane source at a distance h above an 
infinite wall aligned along the x axis is given by 
, q وم‎ (^ 
V= - z xt + (y— h)j] 
2n[x? + (y — h)" 


4 v xf 4- (y+ h)j] 


where q is the strength of the source. The flow is irrotational and 
incompressible. Derive the stream function and velocity potential. 
By choosing suitable values for q and h, plot the streamlines and 
lines of constant velocity potential. (Hint: Use the Excel work- 
book of Example 6.10.) 


Given: Velocity field of irrotational and incompressible flow 
Find: Stream function and velocity potential; plot 
Solution: eo sells OT) 
2-7 Ej w J 
o(x,y) = —— Lal *(y-h) dis + (y+h) dl 


#NAME? Stream Function 


#NAME? Velocity Potential 


Note that the plot is 
from x = -2.5 to 2.5 andy =0to5 


Problem *6.98 


76.98 Using Table 6.2, find the stream function and velocity 
potential for a plane vortex, of strength K, near a 90” corner. The 
vortex is equidistant h from each of the two infinite planes that 
make up the corner. Find the velocity distribution along one of the 
planes, assuming p = po at infinity. By choosing suitable values for 
K and h, plot the streamlines and lines of constant velocity poten- 
tial. (Hint: Use the Excel workbook of Example Problem 6.10.) 


Given: Data from Table 6.2 
Find: Stream function and velocity potential for a vortex in a corner; plot; velocity along one plane 
Solution: 
د‎ K K 

From Table 6.2, for a vortex at the origin o(r,9) = —-0 p(r,0) = -——In(r) 

2-7 2-7 
Expressed in Cartesian coordinates o(x,y) = 0 2) wb(x,y) = zu ae t A 

T X 47 


To build flow in a corner, we need image vortices at three locations so that there is symmetry about both axes. We need 
vortices at (h,h), (h,- h), )- h,h), and )- h,- h). Note that some of them must have strengths of - K! 


Hence the composite velocity potential and stream function are 


d(x,y) zl atan y-u — atan ym + atan yen — atan yon 
2-7 x-h x-h x+h x+h 


By a similar reasoning the horizontal velocity is given by 


1 K«(y —h) " K-(y +h) 1 K-(y +h) x K-(y —h) 


Sal (eh ولسو‎ Snte |. Ze) وف‎ med «(cm 


Along the horizontal wall (y = 0) 


K-h 
2 al EEE A 
T | (x-h) +h (x+h) +h 


http://librosysolucionarios.net 


Problem 48 B] 


*6.98 Using Table 6.2, find the stream function and velocity 1 y 
potential for a plane vortex, of strength K, near a 90” corner. The Stream Function 


vortex is equidistant ۸ from each of the two infinite planes that LLL LL TL Jd Gd J£ ۱۱۱٢ LZ EEE EEL 
make up the corner. Find the velocity distribution along one of the LLL LLL IN فآ‎ 811 8 ye 0881 01 ٥081 81 | | 
planes, assuming p = po at infinity. By choosing suitable values for EBVAEBNEVEEFRELGERBNEN 
K and h, plot the streamlines and lines of constant velocity poten- EN |] ae BEN 
tial. (Hint: Use the Excel workbook of Example Problem 6.10.) 


| IU 
AA ESO REN 
CHAN T AGAIN ٢ || 


Given: Data from Table 6.2 
Find: Stream function and velocity potential for a vortex in a corner; plot; velocity along one plane Wn 
ion: ٨۹ ee o EN 
Solution: c (e (=>) . (23). ۱ (=) , ( 1 ) BE 
x,y) = -| atan an atan — atan 

i 27 -RJ x-h) x+h) x+ DA 

|١ زا‎ ER a 

|| 


po FOIS Ga ON AAN A‏ = ری 
TET‏ تو ګګ ند پا اتم 47 


(x-h) + (y+ 1) (ch). + Ga) 


#NAME? Velocity Potential 


Note that the plot is 
from x = -5 to 5 andy = -5 to 5 
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[2] 


Problem *6.99 [NOTE: Typographical Error - Wrong Function!] 


Gases: Frou M Na eros Sa we BE tA udnese 


YE P که‎ Cmm M ww. رک‎ ma CoccdassOYXs are NA 


SAT 


Vas. هغه‎ SUIS SACS Çox Re ado SS x ېی‎ 


Oo on. 


Ware adoi Keld Ne Adasmmed fon Ine Anon SR 


A dd ES - (Ar - Sear a دهع‎ 


uw aw \ = Qt - DUE 
AS = -av\aq = - RW 


\ 
Were PALO NN Wier 1 = 2 


Dat 2 


a 4 ok : 
SQA AR 
ینو‎ e Ne Gas) e RAN acd d = -Nð 


eE 


ES * ED = (Catia ak k ES‏ = په -Œ amA‏ انا 
SNR ED ;‏ ووا د = 


wre د‎ Sa, and &= (rv dy په ۹ح | دد‎ + aca 


RAM + aA‏ = پک 


Copes VS Se .د‎ aya Cs dy ها‎ 


onde غه‎ MA = Sy (mes, ye >) 
. condurde RA ND ېي‎ > pas . ES = o 
Bence Q= RAY - RA or &- لالم‎ A & 
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Problem 0 [2] 


*6.100 A flow field is represented by the stream function 
y =x — 101 y? + 5xy?. Find the corresponding velocity field. 
Show that this flow field is irrotational and obtain the potential 


function. 
Given: Stream function 
Find: Velocity field; Show flow is irrotational; Velocity potential 
Solution: 
Basi TON PPS ; _ 0 _ 9 _ 0 | 0 
asic equations: Incompressibility because y exists u = py y = ap u=-—p ۷ = - م‎ 
oy Ox Ox Oy 
Irrotationality 2, - oy =0 
Ox oy 
w(x,y) = x - 10:x>y + Sexy 
0 3 3 
u(x,y) = —v(x,y) u(x,y) > 20-x-y — 20-x -y 
oy 
v(x,y) = -2 wx, y) v(x,y) > 30-x^y? = 5x - sy 
Ox 
O (x,y) - 2 uy) >0 Hence flow is IRROTATIONAL 
Ox Oy 
0 4 2 
Hence u=-—p SO p(x,y) = | u(x, y) dx + f(y) = 5x -y—10-x-y +f(y) 
Ox 
0 4 23 5 
v= Es so p(x,y) = | v(x, y) dy + g(x) = 5x y-10x-y +y +(x) 
y 
: : glen 4 2 3 د‎ 
Comparing, the simplest velocity potential is then p(x,y) = 5x -y-10-x-y +y 
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[2] 


Problem *6.101 


Gwen, Tou 5 ma ers پا‎ e ee usen 5 
Oz WAT a AAA A 

Find ae BA Se Sas & \Neenpress ioie 

dy Viera Me SITES ایا دو‎ sirens don , 
NR 

Vue SAN LOA یا‎ quen پا‎ wes Né 

o Bd A)‏ له REA AB‏ مه 
empress ihe . Mee. El 3 E: =$‏ کا MX Re Meus‏ 

MW, Y 


0= که A SESE 2h) = ~2R‏ په POLSEN‏ د پک 
Ms NG pesse‏ نا ty‏ 


Fran Re duran of با‎ 5 oS ¿E 


dius — Wa = ET ard e- SEN ae «+ EGAS 


خا “3S‏ زو دا We‏ 


eR _ لالد‎ 29 sf 
ya - eR د‎ a. د‎ PE څه‎ 
EA 

X= -ÐA se “Es i9 E TAN‏ - غه 


دې د 
a > + contas‏ په RS‏ = 


Se Ce o SN. equal ko > 1 A VEN l‏ ونب 
NES Sc eN - SRA‏ 
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Problem 2 [2] 


6.102 Consider the flow field presented by the potential function 
$ = xf — 15x*y? + 15x2y* — y5. Verify that this is an incompres- 
sible flow and obtain the corresponding stream function. 


Given: Velocity potential 
Find: Show flow is incompressible; Stream function 
Solution: 
Basi TON -— 2 0 0 0 0 
asic equations: Irrotationality because @ exists u = v=-—ap ې = ا‎ v = م‎ 
07 Ox Ox Oy 
aagi 0 0 
Incompressibility —u+—v =0 
Ox oy 
p(x,y) = x = 15x^y? + xy = y) 
u(x,y) = -2 (xy) u(x,y) > 60x". y^ = 6x = 30-xy" 
Ox 
v(x,y) = E p(x,y) v(x,y) > 30x y = 60 y + &y 
ey 
Hence 8 (x,y) + 2 v(x,y) 0 Hence flow is INCOMPRESSIBLE 
Ox Oy 
Hence u = so (x,y) = | وره‎ dy + f(0) = 20 y - 6x -y -6xy + F(X) 
ey 
0 3 3 5 5 
v= E so (x,y) = | v(x,y) dx + g(y) = 20x-y -ex-y-6xy +8(y) 
x 
: : NE" 3 3 5 5 
Comparing, the simplest stream function is then (x,y) = 20x -y -6-x -y-6-x-y 
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[4] 


=u-iv Hence the results are verified; u = Re 5 and v= E 


Problem *6.103 


56.103 Show that f(z) =2% (where z is the complex number 
z= x + iy) leads to a valid velocity potential (the real part of f) 
and a corresponding stream function (the imaginary part of f ) of 
an irrotational and incompressible flow. Then show that the real 
and imaginary parts of df/dz yield u and —v, respectively. 


Given: Complex function 
Find: Show it leads to velocity potential and stream function of irrotational incompressible flow; 
Show that df/dz leads to u and v 
Solution: 
Basic equations: Irrotationality because @ exists u= 8 y ۷ - u= Ly 
Ox Ox 
Incompressibility Ea t oy = 0  Trrotationality 2, = oy =0 
Ox oy Ox oy 
f(z) = z =(x+ iy) 
Expanding f(z) = x? - 15x ^y? 4 Bgy - y? 4 Mex y? t 6.x^y - دود‎ 
We are thus to check the following 
p(x,y) = x? - 15x ^y? 4 15 y* - y? w(x,y) = 6xy H 6x^y 20x y^ 
u(x,y) = L وې‎ u(x, y) > 60-x^.y^ iste 30xy" 
Ox 
voy) = وې‎ (x,y) > 30x ^y - 60x y + 6y” 
oy 
An alternative derivation of u and v is 
u(x,y) = 2 buy) u(x,y) > 6x" = 60-x"-y" + 30x.y^ 
ey 
vy) = ولو‎ v(x.) > 60x^ y^ - 30x^y - Gy" 
Ox 


Note that the values of u and v are of opposite sign using y and q!different which is the same result using q! To 
resolve this we could either let f = -@+iy; altenatively we could use a different definition of @ that many authors use: 


0 
u==p v==0 
Ox 
Hence 2 v(x,y) - 2 u(x,y) 0 Hence flow is IRROTATIONAL 
Ox Oy 
Hence @ x,y) + 8 v(x,y) 0 Hence flow is INCOMPRESSIBLE 
Ox Oy 


6 
E = abe) = 6:2 = 6-(x4 iy)? = کږم)‎ - 60-x^.y^ + 30x y^) + iliy + 6.y - 60-x2-y°) 


df 
dz 


These interesting results are explained in Problem 6.104! 


Next we find 


Hence we see 
7 


http://librosysolucionarios.net 


Problem 4 [4] 
*6.104 Show that any differentiable function f(z) of the complex 
number z = x + iy leads to a valid potential (the real part of f ) and 
a corresponding stream function (the imaginary part of f ) of an in- 
compressible, irrotational flow. To do so, prove using the chain 
rule that f(z) automatically satisfies the Laplace equation. Then 
show that df/dz = u — iv. 
Given: Complex function 
Find: Show it leads to velocity potential and stream function of irrotational incompressible flow; 
Show that df/dz leads to u and v 
Solution: 
Basic equations: u = 8 ay ۷ Ed u= Leo v= o 
Oy Ox Ox Oy 
First consider 9 f B p f= 1.4 f = d f (1) and also 0 f = B ; f= a f= ra f (2) 
Ox Ox dz dz dz Oy oy dz dz dz 
2 2 2 2 
Hence pef i م‎ and گم‎ | = 
Ox 0x \ Ox dz\ dz dz dy oy \ Oy dz\ dz dz 
A ره اف‎ 
Combining f 4 f = f f=0 Any differentiable function f(z) automatically satisfies the Laplace 
2 2 2 2 : : : : 
Ox oy dz dz Equation; so do its real and imaginary parts! 


or in other words, as the negative 
of our definition 


We demonstrate derivation of velocities u and v 


From Eq 1 م‎ in) = Gaia) Loa = u-iv 
dz dz Ox Ox OX 
From Eq 2 و په‎ mye 2 (p ia) = Lor p = iv +0 
dz dz 1 dy 0۷ 07 
There appears to be an incompatibilty here, 0 0 
but many authors define @ as n m Ms a 
Alternatively, we can use out ọ but set f =-pt+i-w 
Then 
From Eq 1 ae (p iy) = (pri) = Lip ot iv 
dz dz Ox Ox OX 
From Eq 2 dpa El pape sg («p + iap) = p eg تي‎ iv+u 
dz dz i dy dy oy 
df 1 : 
Hence we have demonstrated that de =u-iv if we set 
7 
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Problem 085 [2] 


Gwen, Tow هخ‎ vepve یا همک‎ «Nox ese 
X Ner WEN SN a ` 
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امه‎ AD = (112 
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سا E‏ بپ په 
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"M : aw 
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w= ) a LA = (- wee C 
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ما‎ 
w= (- ran "xm Y Cha, په‎ SN 
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Congassia te ESS EA PTERSLONS Cor D vov condu.. 
NE O y ENN = وي‎ | 
= = تا مو يو‎ 
Sue Wes ASAS Qe Sas & whole ana e 


onthe x یا‎ apped buen anu No 
pots یې‎ Be Ge ONS NY 


Xa کپ‎ E 4 Resum Se eene 
et دسا‎ R 2 it» 
Eu = =AL is Re ^N Nasa eh ۰ 
AGA (REL + A, = -3L ex N ¿a Ses 
* EN 
پلا‎ M LN L 
P وم چک پل‎ S ( = > = Sosy Vy 
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5 SQUARE 
5 SQUARE 
5 SQUARE 


rm 
5 A a 


1 


[3] 


das 


PRA, Are CONSE dede Reni E ma Ora ie 


Se Sees EE al AA SA Sá Ws Ay > ars 
Sas Cada pin S E. dex KCN i AS ره‎ Co = D 


E 


QN کې‎ ana Sir O b E we MA Y 
اه‎ A i چا‎ EE 


= we SUN 
ME ت‎ S&S A A a ies 
دا‎ ma = BAR ES = aK x Ic Eo ò 
)وو‎ 3 


Problem 6 


ESSE REX یلک‎ Mao KAA vegresentied پا‎ Qe BA AD MN 


NN We Las 


Suero, ek "ده‎ Ces EAA es E A 


در ورن DIR‏ اپ AA‏ : 


MER 

For a Uy morra er Gos o 
| Wee Ba Gas KAA 

Vae On a EN . ESS = o 
We amor. LS a نه یک‎ 

M s 


1 


SE Na = de" R 


ES 
زو‎ 


Ao. Les Oy 2g e x ن دد‎ 8G = ود‎ X کاو‎ 


E q aos چیا رو لو دو خم‎ & E EN dud LIE $n SN 


Distance, y (m) 


Distance, x (m) 
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Problem *6.107 [2] Part 12 


| Gases >. ows مه‎ ce UNA Qe SERE E 
qe په‎ - wil. unes ES CN EN eS. > 3 
-anA Co cO هشیمه‎ LN MENS | 
Tnd کی‎ take Ce 56 p Lor Se E K Le dou ae eR 
ie eee ca dab د‎ E 


Pu, Ae Sod E asen که‎ ol Ser 
tt 
S4. SON. 
SAS. 1 O Gon NN e. Were P کمک‎ 
د څواکھ‎ nx = Cos. Iw = Ec NA 
~ diaus eee په‎ ^ 2 Mer es 
a SN E: T - AV = ۸٨٢ 
i EE په‎ we Le NY - 
-W 
مشه کې‎ ES یلیخ یې‎ suk E Sex ES ond Vaz e 


Ken, ES هه‎ CY = ك‎ {N = ري‎ A (QN ES 
Nes NE $ vdd ES کی‎ = Es a Be Dues 


SEEN = 


E UNS 8 چا ې‎ 


AU VEN 
g NENN = BRA Ber w= Ss ord. 


MES QN NES SESS and ENS ás 
CR cor Å= BAN دچ‎ 8 


Y= BR 


d 
4 
E 
ff 
! 
F 
Osr 
1 


See the next page for plots 
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Problem 7 


Using Excel, the stream function and velocity potential can be plotted. 
The data below was obtained using the workbook for Example Problem 6.10. 
Note the orthogonality of y and à! 


[__ENAME?_]Stream Function por 
AA 
AAA 

9 


LAZY GB B 
LAT ANH 


#NAME? Velocity Potential 


ES 
AAA 


"ap 

سلا 

ma 

[i] 

mu 

ASAIN TON 

ABBENEN 

Note that the plot is MAI A Û | 
from x = -5 to 5 and y = -5 to 5 و18‎ 17 
AA VI 
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LO ANE 

AA 

mmm 

CELL 

TEIL 
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کې د ما ها انا شا 8 81 VY‏ ې ELE‏ 
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ma». 
LL--T 
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| سل 3) 6.108* E Problem‏ کت دت 
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a m Problem *6.109 Satu | 
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Problem *6.109 `` ` [8] Part 2/2 
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Problem 5651 [3] 


Consider flow around a circular cylinder with freestream velocity from right to left and a 
counterclockwise free vortex. Show that the lift force on the cylinder can be expressed as 
Fr, = —pUT, as illustrated in Example 6.12. 


Open-Ended Problem Statement: Consider flow around a circular cylinder with 
freestream velocity from right to left and a counterclockwise free vortex. Show that the 
lift force on the cylinder can be expressed as Fr = —pUT, as illustrated in Example 6.12. 


Discussion: The only change in this flow from the flow of Example 6.12 is that the 
directions of the freestream velocity and the vortex are changed. This changes the sign of 
the freestream velocity from U to —U and the sign of the vortex strength from K to —K. 
Consequently the signs of both terms in the equation for lift are changed. Therefore the 
direction of the lift force remains unchanged. 


The analysis of Example 6.12 shows that only the term involving the vortex strength 
contributes to the lift force. Therefore the expression for lift obtained with the changed 
freestream velocity and vortex strength is identical to that derived in Example 6.12. Thus 
the general solution of Example 6.12 holds for any orientation of the freestream and 
vortex velocities. For the present case, Fr, = الآم-‎ , as shown for the general case in 
Example 6.12. 
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Problem 55 [3] Part 2/2 


Using Excel, the stream function and velocity potential can be plotted. 
The data below was obtained using the workbook for Example Problem 6.10. 
Note the orthogonality of y and $! 
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[4] Part 2/2: 
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Problem 586 [3] Part 2/2 | 


Using Excel, the stream function and velocity potential can be plotted. 
The data below was obtained using the workbook for Example Problem 6.10. 
Note the orthogonality of y and 6! 
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Problem 7.3 


7.3 The equation describing small amplitude vibration of a 
beam is 


where y is the beam deflection at location x and time f, p and E 
are the density and modulus of elasticity of the beam material, 
respectively, and A and 7 are the beam cross-section area and 
second moment of area, respectively. Use the beam length £, and 
frequency of vibration œ, to nondimensionalize this equation. Ob- 


tain the dimensionless groups that characterize the equation. 


x=Ex* 


Given: Equation for beam 
Find: Dimensionless groups 


Solution: 


Denoting nondimensional quantities by an asterisk 
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At = — t=- t*=to [*¥=— x* چو‎ 
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LS, E: p RH av NNUS Qu 
at at vis اا کد‎ E QNNM بد ایا‎ 
+ 
Yet we Se هو سه - لي ؟‎ Dn E | > z کم‎ ` 
vas حدم ي‎ A ci mue 
DE a SÉ "ېډ په‎ 
d 
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6 


Problem 7 


7.6 In atmospheric studies the motion of the earth’s atmosphere 
can sometimes be modeled with the equation 


ee 
D? 24 x Ly 
Dt p 


where V is the large-scale velocity of the atmosphere across the 
earth's surface, Vp is the climatic pressure gradient, and Q is the 
earth's angular velocity. What is the meaning of the term Q x V? 
Use the pressure difference, Ap, and typical length scale, L (which 
could, for example, be the magnitude of, and distance between, an 
atmospheric high and low, respectively), to nondimensionalize 
this equation. Obtain the dimensionless groups that characterize 


this flow. 
Given: Equations for modeling atmospheric motion 
Find: Non-dimensionalized equation; Dimensionless groups 
Solution: 


+V-VV 


Recall that the total acceleration is 


DV oV 


Dt 01 


Nondimensionalizing the velocity vector, pressure, angular velocity, spatial measure, and time, (using a typical velocity magnitude V 


This is a very 


۷ 
i*=t 


and angular velocity magnitude (2): 


Hence 


V=VV* p=App*  Q-QQ* 


Substituting into the governing equation 


m 1 ] 1 
کار‎ 9۷ VV ey «V 20V Ow = Pvp 
L* L pL 
The final dimensionless equation is 
TEN ] MEM 
OV gy لاپ‎ a = us 
Qt * V pv? 


The dimensionless groups are 


The second term on the left of the governing equation is the Coriolis force due to a rotating coordinate system. 


significant term in atmospheric studies, leading to such phenomena as geostrophic flow. 
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Problem 7 [2] 


7.7 The equation describing motion of fluid in a pipe due to an 
applied pressure gradient, when the flow starts from rest, is 


Ou 1 0p Pu, 10u 
—€- ده ال‎ cae 
01 pox Jr“ ror 


Use the average velocity V, pressure drop Ap, pipe length L, and 
diameter D to nondimensionalize this equation. Obtain the dimen- 
sionless groups that characterize this flow. 


Given: Equations Describing pipe flow 
Find: Non-dimensionalized equation; Dimensionless groups 
Solution: 


Nondimensionalizing the velocity, pressure, spatial measures, and time: 


Hence 


Substituting into the governing equation 
—V 7 * = اا‎ 1 * 
Ou Vou* 1 1 Op m, 1 E u Qu | 


= A 
Ot L 7۶۴ p P7 Ox * D?'or*? r*ór* 


The final dimensionless equation is 
Ou* 0 pr, vYL atut | 1 7 
ot * pV? Ox* DVADJAer*? r*or* 


The dimensionless groups are 
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Problem 8 [2] 


7.8 An unsteady, two dimensional, compressible, inviscid flow 
can be described by the equation 


p / 2 /‏ > : | ?9 > > > > 0 / وه 
سل هلص 2ں + کا 
Or Ot Ox- dy? OxOY‏ 


where y is the stream function, u and v are the x and y com- 
ponents of velocity, respectively, c is the local speed of sound, 
and f is the time. Using L as a characteristic length and co (the 
speed of sound at the stagnation point) to nondimensionalize this 
equation, obtain the dimensionless groups that characterize the 


equation. 

Given: Equation for unsteady, 2D compressible, inviscid flow 
Find: Dimensionless groups 

Solution: 


Denoting nondimensional quantities by an asterisk 


FS yea‏ 1 کم is E ps‏ د کے کار 
L L Ĉi Co Ci L Lo,‏ 
Note that the stream function indicates volume flow rate/unit depth!‏ 
Hence‏ 
Lt*‏ 
x-Lx* y-Ly* u=C,u* v=C,v* c=c,c* t= A y -Loy*‏ 
0 


Substituting into the governing equation 


3 PET 3 +2 3*2 3 2 در 2 3 در 2 3 اى‎ 
e d £u eut ev), < (u y ón eu د‎ y] لا‎ 4| & ju*ys 9" _p 
L j ôt* L 01 L exe L oy * L Gx * Qy * 


The final dimensionless equation is 


e F Ata), ue A y AA y guy Y ae, 


No dimensionless group is needed for this equation! 
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Problem 9 2Z 
| Given; At lew Secas, drag is independent of Fluid PEN Si ty, 
) | ۶F - ٧۶ ۷م‎ 0) 
| | Find! Appropriate Ámensieniess parameters, 


||. Solution; Apply Buckingham T procedure. 


| 0 E P Vv D N= 4. parameters 
| @ Select primary dimensions M,L È. 
© = P v D 
Me M Le, L n=3 primas di mensions 
ES ae " : 
(9 د چو‎ D mzsr-2 repeating parameters 
© Then n-mzí dimension less Group coll Pesce flr. Setting Lgo 
` A dimensional equation, 


77 s AAN DSR 


) 
AM arl 10 CML _ 
Ue) e د وور‎ 
Summing Exponents , 
: M: AF! =0 ai F e 
| E Î C= =| 177 =ZV 0 
| t: -@-b-2 20 b=-/ "P 
| "I 
| @ Check, using 58 ځرے‎ primary AMENSIONS . 
z 
| Pe FL 2 اا‎ (١ v 
Fe LL 
| | ۱ 
| Since the procedure produces ړا وه‎ ONE کل‎ MESS FOUL, 
|J JA mest be A Constant, Thus 
| F 
e e Pe 
» 
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Problem 7.10 


7.10 At relatively high speeds the drag on an object is indepen- 
dent of fluid viscosity. Thus the aerodynamic drag force, F, on an 
automobile, is a function only of speed, V, air density م‎ and 
vehicle size, characterized by its frontal area A. Use dimensional 
analysis to determine how the drag force F depends on the speed V. 


Given: That drag depends on speed, air density and frontal area 
Find: How drag force depend on speed 
Solution: 


Apply the Buckingham II procedure 
O F ۷ م‎ A n = 4 parameters 


Q Select primary dimensions M, L, t 


© 


r = 3 primary dimensions 
ML L M 
5 


© y : A m =r = 3 repeat parameters 


© Then n-m = 1 dimensionless groups will result. Setting up a dimensional equation, 


II, =V" ام‎ ASF 
a b 
_(L) (MU (y - مد وړ‎ 
t) P p 
Summing exponents, 
M: b+1=0 b=-1 
L: a-3b+2c+1=0|c=-1 
t: -4-2=0 a=-2 
Hence 
F 
Mss y 
م0‎ ۸ 


© Check using F, L, t as primary dimensions 


The relation between drag force F and speed V must then be 
F x pV Ac V? 
The drag is proportional to the square of the speed. 
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L fre 3 primary Anmensions 


Problem 7.11 
Given! Flow through an orifice plate 


Ap = piopi = ff, ,لا مر‎ Ad) 


Find: Dimens wnless parameters. 


Solution: Choose @,V, aad D As re ومهم‎ arabes, 


O Ap P A^ ۷ 2 ol 


= و‎ Partameters 
@ select primary diMme/sioNs Met 


e Ap P P V D of 
m 
e L Le 3 


O p,v,p 


maras repeating parameters 


Then n-=m2 3 dimensionless Flt pos ell resutr. Setting Lye 
micas له‎ equations, 


p^v*b*Ap‏ سے 


= م‎ Du. . 
= a & E be M € a; 94,4 Se i : 
zs) GE) ^ (uu) = ^ne "UD (E). CE) rm 
Summit exeonents, Stemnyiig EXPONENTS 
Mi څک‎ ٣٢۵ Qm! Mi: A FO umi 
Li-S8a¢h40-/ ډه‎ Lia tbra od 
Etch T ó--L ti -b-/ 0 b= ~/ 
C2/-6+3a =Ò CF J=- btaa = لس‎ 
8 // = AP A T E 
pr? evo 
SP. phy, Bn? _ fy AL 6 € 
7 - p^ ee d مو‎ CF) cu 


1 
ES 
a 

۳ 
ad 
o 


Mi & 40-0 


A =a ài 
Li - 3 +A +C +j =O Cel وز‎ FR 
ty -b +6 70 b 


٠ ٨ P. " T 
O Check, using E, T * a FF LÈ I EAE OJ“ E DJ 
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Problem 7.12 


7.12 The speed, V, of a free-surface wave in shallow liquid is a 
function of depth, D, density, p, gravity, g, and surface tension, c. 
Use dimensional analysis to find the functional dependence of V 
on the other variables. Express V in the simplest form possible. 


Given: That speed of shallow waves depends on depth, density, gravity and surface tension 
Find: Dimensionless groups; Simplest form of V 
Solution: 


Apply the Buckingham II procedure 
© yv D p g o n = 5 parameters 


© Select primary dimensions M, L, t 


© r = 3 primary dimensions 


M L M 
Pr. 


c | E 


® g م‎ 10 m = r = 3 repeat parameters 


O Then n-m = 2 dimensionless groups will result. Setting up a dimensional equation, 


a b 
I, =g°p’DV -) (3) (Ly - = MT 


B 
1 V 
Summing exponents, L: a-3b+c+1=0|c=--= Hence II, === 
EZ 
t: —2a-1-0 a=-== 
2 
a b 
L\(M cM 
ne ES (5) LF SME 
t L t 
M: b+1=0 b=-1 
Summing exponents, L: a-3b+c=0|c=-2 Hence II, = = 7 
gpD 
t: —2a-2=0 |Ja=-1 
L E 
O Check usin i i i — - سل لل‎ 
8 F, L, tas primary dimensions II, = p [1] II, = A E [1] 
LL. Eee ^ 
1 du 


V 6 6 
The relation between drag f d Vi IT, = ful = V=.gD 
e relation between drag force speed V is i f( 3 Jap (| Vg (| 
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Problem 7.13 


[2] 
Given! Wall Shear stress Ty in a boundary layer, U, umm 
degeact« on er, L, ana tU, ی‎ —-Lte 
Find: (a) Dimension less groups. طا‎ l : 
(b) Express the Teencfaone Mlathenship. 
Soluhon: Step () Tw f ya سا‎ U nes 
M, E الم‎ a LE 
steg E M ^1 L L r=3 
© E 3 it t 
SEP Select p,4,U 
a AT 
sepQ T,= t مو سر یس سه‎ ay PEER 
L: 0 2-/-3)7 rc b3a-ar) =0 T»? Pp JH, 
EoD Soe Ces <p 
= a, buo MIM م ے۹ لطر ره‎ 
a E CCE و در‎ 
M: ۵ = رک جخ(‎ à, zl AA 
Te € su 
L: 0 =—/ -34 -b4C bz3o.7Cr1 771 څ‎ PUL LE 
سه ۸ ړم‎ SC Era 
y i = = M FEES a 
step ©: Check using 6t: ۰ armi + - | 
yos. E A HOE os ume 
PU (FFE Pte 
4 . 
m سر‎ + E ah E 
fU )ی ځ‎ L Fives 
The Ea relahenship 2 
T, = ftT,) d 
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EETS $ SQUARE 


42-381 40 SHEETS 5 SQUARE 
42-382 ]OD SHEETS 5 SQUARE 


42.989 200 ŠH 
ا‎ 


ale 
P) 
na LU 


Problem 7.14 21 
Gruas Ne sn E می‎ | $ c^ o. seed Sa Ade + ۷۳ 


^ CON et ese A pease ع‎ rodie ٧ ` Cancion 


of 03 (Ce Asean وود‎ 17 y v © aukana) 
aote وي ای ووه‎ ES 


SAduan: MA, Badger Y پد وي‎ 


O : ' دا‎ : ٣ A 5م‎ parame N 
D SM MUL as eS was A, Dimensions 
(3) 3 o ls حر‎ * 


Sede 


m E s = ۸ q= 2 ېې‎ Mio اداد‎ 
© > ج کم‎ my = 3 PER Smp. qose durs 
€ بد‎ Mara = ځ‎ Amensoniess ASES vol vest, , 
E چن‎ Dame SS orok -o 
c oc 
TEU R$ | Na 


P 
ids s^ EE 
EN SISSE 


E سرو‎ Pa LEN POHANG | Ses ek pores, 


| 
——w osa e AE | ۷۷ GET OLA . ae -M 
من‎ O  -دمداب -«ه € دیک د‎ Sic ته‎ 
٢ o پا‎ (eo | + os -b-i Wo هد اد‎ 
د د غ‎ | 


i © Cek uss TAUA doe see 
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Problem 7.15 


7.15 If an object is light enough it can be supported on the sur- 
face of a fluid by surface tension. Tests are to be done to investi- 
gate this phenomenon. The weight, W, supportable in this way 
depends on the object's perimeter, p, and the fluid's density, p, 
surface tension c, and gravity, g. Determine the dimensionless 


parameters that characterize this problem. 


i 


Given: That light objects can be supported by surface tension 
Find: Dimensionless groups 
Solution: 


Apply the Buckingham II procedure 
O W p p g 6 n = 5 parameters 


© Select primary dimensions M, L, t 


W ppg o6 

© r = 3 primary dimensions 
ML M L M 
Pee 

® g p p m =r = 3 repeat parameters 


® Then n-m = 2 dimensionless groups will result. Setting up a dimensional equation, 


a b 
II, = g^p^p'W = 8 EJ ay = ML 


n 
M: b+1=0 b=-1 w 
Summing exponents, L: a-3b+c+1=0 | c=-3 Hence IL سی‎ 
م‎ -2a-2-0 |a=- ae 
a b 
L\(M cM 
IL -g*p'po-| =| |— | CY —-M'DUO 
t L t 
M: b+1=0 b=-1 
Summing exponents, L: a-3b+c=0|c=-2 Hence IL = Ee. 
t -20-2-0 |a=-1 ave 
F 
© Check using F, L, t as primary dimensions II, = = [1] IT, = LO 
= 1 LFP , = LEC 5 
er” e 
x I, Wp l 
Note: Any combination of IT, and IT; is a II group, e.g., IL = —,so Il; and IL; are not unique! 
2 
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Problem 7.16 


Gwen, Mae n maces نا‎ Lor ال ون زح اق‎ c 
: Ce uum cu da v^ VN TES Be wok ماس‎ 


Finds ٢ 1 Lona Msc SENO U. aná ore Cor ear 
i ps Ring Ariete oe MN RET muertos. i 
Dy nee يی‎ Se TESOL e 


trien aS 


=. = & ES uka Qa = TSN 
rada, Be AER dne سح ې‎ 


Vs 4 e H^ We posada 
e She A ` NE په‎ e mary د77۸‎ 
۳ ۳ A A 
O 1 @ + 8 X 
@) AN نپ لا و‎ m Mare à ON gos cose ess 
@ ™ 


en CANE 2 Soren eres RES اوی شت‎ 
RN, m dy ee PN ENCRNON AE 


Seen. 
DB.“ 


X = Nus N : " bn p 4 مرم‎ 
were x LAY x ES TS 
DAA ones Sansa a 
۲٩٢٢ GAGE aed YA LILA m © . عا‎ -G- 
کا‎ -aa DBA =O d اح ۔-‎ ALA FO 
wi “2a -\ سور‎ . 537 Me. X. ciao ds ت‎ GE e 


SS " cz Sa 1 ase $ ee ا‎ ; Bani 
7 


da T = w, = de la = 2 
ماس هده‎ SES AR 
= 


vw = 


۷ 


Smee MSS = aAA. Ran 


- 


EUM D غا‎ 
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Problem 7.17 


[2] 
Guen: Ndoci NS Aa “eee susla اسو‎ ese چعمه‎ 
Lacer xa Lundon of AN وسو‎ D > : ٩ and m 

V, sgh dina of لا‎ on her NR 
Se. on We Oy Du Do Y -Rec eon 
( X دد‎ 3 e P n= 5 posomaless 
© Sedo vA M Ne as es ware = E sons 

a "X . : 
9 E X 8 r= 3 preosy dimensions 
E VN OE S 

له یي X,‏ 


9 ٢ 5 ` : دی شا‎ > repealing, pas onder 
© "NEN Sms Aen See aS هوان‎ Cd SON 
wda E Aunvensionad e paons 


۱ 
هڼ‎ DE 4 | Ns ey “a 
ESAS L NS ANS M ee ASAS NI 
SOSA SS A E 
Mura, expones 5 Sena expos, 
UN Azo | YN w= 06 
Ns “AA bici TO V. ~ اد تل‎ aay = 
s ~%e-\ O | C هح ع‎ 
Ac = 0 vx = ت‎ 
کو‎ | CIO 
hs Barc 0 cà i سا‎ da -C-\ دوو‎ 
ZEE: a | CA = 8 


© Week usta FAT l 
a A gan 


3 
We eee Sigs 
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Problem 7.18 


7.18 The torque, T, of a handheld automobile buffer is a func- 
tion of rotational speed, œ, applied normal force, F, automobile 
surface roughness, e, buffing paste viscosity, u, and surface ten- 
sion, c. Determine the dimensionless parameters that characterize 
this problem. 


Given: That automobile buffer depends on several parameters 
Find: Dimensionless groups 
Solution: 


Apply the Buckingham I procedure 
o T 0 F e u o n = 6 parameters 


© Select primary dimensions M, L, t 


© r = 3 primary dimensions 
MI 1 ML M M 
t t f Lt t 
o F e [o] m = r = 3 repeat parameters 


O Then n- m = 3 dimensionless groups will result. Setting up a dimensional equation, 


MLY 1Y ML? 

II, = F°’ oT = (=) (2) 1" 
t t t 

Summing exponents, 


M: a+1=0 a=-1 
L: a+b+2=0 |b--1 Hexe سو‎ 
e 
t: -—2a-c-2=0| c=0 
META 11M هه‎ 
M, =F gu =| | (LP =| —=M'"Lt 
2 سن دناو‎ 
M: a+1=0 a=-1 , 
Summing exponents, L: a+b-1=0 b=2 Hence 1, = 
t: —2a-c-1=0| c=1 
a 1 c 
I1, - رر‎ (5) = MUI 
M a+1=0 a=-1 
Summing exponents, L a+b=0 b=1 Hence II, = ~ 
t: —2a-c-2=0| c=0 


O Check using F, L, t as primary dimensions 
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F 1 F 
FL P 1 
- E.g] „sE tg ii] 
ae I, T 
Note: Any combination of II; Il; and IH; is all group, e.g; == 3°80 Ik, IL and IT; are not unique! 
2 MO 
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Problem 7.19 [2] 
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O Wer S ۳ A ES Cos دمعلټس وې‎ 
O nose Y AX as GME duane ngona 
O b, MENOS AGN V ١ سا حا‎ 
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K) Regs mos es, $ ېا‎ nat =2 


O ېک‎ nasa dunnensoniess خېه چم‎ WESTIN 
SU» لتا‎ Arenal uane 
E E 


Y سا‎ a 5 a NX, = NR Ne: 
Dc a o 5 a c 
یب‎ 3 A ا الط د‎ 
ضر‎ tS gen ens Saar عم مچ‎ 
v GE ara +> 


S — e 
"WLS GR yes Ww, = 
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(o Selec x^ M Xx کت‎ SS s Aunen sons 

© ^ S EN R 
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a A eS 3 E 
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Ba dr, Wim S Y. 5 
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مسشصرئۍئ‎ exces C l zl Ca e NN SX m -N 
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HEETS 5 SQUARE 
HEETS د‎ SQUARE 
HEETS 3 SQUARE 


اس لیا 


Problem 7.22 (In Excel) [2] 


7.22 The time, f, for oil to drain out of a viscosity calibration 
container depends on the fluid viscosity, u, and density, p, the ori- 
fice diameter, d, and gravity, g. Use dimensional analysis to find 
the functional dependence of f on the other variables. Express f in 
the simplest possible form. 


Given: That drain time depends on fluid viscosity and density, orifice diameter, and gravity 
Find: Functional dependence of t on other variables 


Solution: 
We will use the workbook of Example 7.1, modified for the current problem 


The number of parameters is: n -5 
The number of primary dimensions is: r=3 
The number of repeat parameters is: m=r=3 
The number of IT groups is: n-m=2 
Enter the dimensions (M, L, t) of 
the repeating parameters, and of up to 
four other parameters (for up to four II groups). 
The spreadsheet will compute the exponents a, b , and c for each. 
REPEATING PARAMETERS: Choose p, g, d 
M L t 
p 1 -3 
g 1 -2 
d 1 
II GROUPS: 
M L t M L 
t 0 0 1 1 1 1 
TI: a= IL: a= 
b= b= 
c= c= 
The following 11 groups from Example 7.1 are not used: 
M L t M L 
0 0 0 0 0 
II; a= II, a= 
= b= 
c= c= 
2 
Hence IL -t/2 and n= 4 y # with Fı = fü) 
‘Vd : 1 3 2 gd? 
3م‎ P 


0 2 
The final result is t= [er —— 
g Lp “gd 
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Problem 3 [2] 


7.23 The power, P, used by a vacuum cleaner is to be correlated 
with the amount of suction provided (indicated by the pressure 
drop, Ap, below the ambient room pressure). It also depends on 
impeller diameter, D, and width, d, motor speed, œ, air density, 
p. and cleaner inlet and exit widths, d; and d,, respectively. De- 
termine the dimensionless parameters that characterize this 


problem. 

Given: That the power of a vacuum depends on various parameters 

Find: Dimensionless groups 

Solution: 

Apply the Buckingham II procedure 

O P Ap D d 0 p di d, n = 8 parameters 


© Select primary dimensions M, L, t 


P ^p Dd o p d, d, 
© r = 3 primary dimensions 
ML M 1 M 
— — L L- ست‎ LL 
t Lt t L 
© p D 0 m =r = 3 repeat parameters 


GO Then n-m = 5 dimensionless groups will result. Setting up a dimensional equation, 


MY 1Y MP? 
11 = p° Do? = | (L) 8 EM 


Bp E 
M: a+1=0 a=-1 
P 
Summing exponents, L: -—3a+b+2=0|b=-5 Hence Il === 
pD'o 
t: -c-3=0 c=-3 
MY, w1) M 050,0 
IL, = p°D’ a Ap =| — (LP | =| —=M°L't 
os) 
M: a+1=0 a=-1 
Summing exponents, L: -3a+b-1=0 | b=-2 Hence m=- 
[) 
t: —c-2=0 c=-2 d 
The other 11 groups can be found by inspection II a II d, II d, 
u u i ion: E لا‎ = 50 
8 p y p 3 D 4 D 5 D 
© Check using F, L, t as primary dimensions 
FL F 
و‎ — L 
I, —t—-[ m, -—lÍ—-[ II, =I, =1. ===|1 
pol gi rn, =2-=p] 
ps pg 
TN IT, 4 : 
Note: Any combination of II; Il; and IH; is all group, e.g, == PO نت‎ the II's are not unique! 
IL, ApD'o 
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سالګ 


Problem 4 
Gruen: Fouser pec tun it Crossasechional area, E, Hransrm ties by a 
Sot ر هله‎ depends on . سه قدا‎ Spe”, V, اند وور له‎ €, 
PEGUEN, N, and medium density, p, 


Find: ۵ له‎ trem of depen dence of € on The other variables, 


Solution: SOD € V r 5n f n=S 
: Ch Mit A E FÉ. = FL. = a ME E M 
SEO Choose, چو پل تو وږو د‎ M e M 

m Ł L M ra 
Step® Ts E L + a 3 


Steg (8 Choose p, V, p 
HO T; 9^y*^*E (EINEN OE = wee 


M: Ati =o Az 5 
Li-Batbre =D e =8a-b = 3(-1)-F3)=0} T, ye qom 
t:-b-3=0 bes 


LS E me 


14: AO =O ao nr 
L: S36. bc 70 C= Sark 730) 071p TT Vr 
ti -b -I =o b=-1 
. " Pte z 
Step@) Check using Flt: (7 حر مه‎ = ٢ 
pos. oN oo E 
ENYA EE قم کم د‎ 


Mia OSs E CE ey L4 yw 


v e L LE 
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i e 


ن2 


Problem 7.25 


Given: 1 Dra وه د‎ of tank from niña! level, he. 


Time t, depends bn tank diameter, D, orifice ham ette 
d, aceélerahon of Gravity, G, density, P, and ک/۷‎ ٧5 vty, JA. 


Find: (A) Number of dimensiontess Parameters 
(br Number of هم‎ 9٥ variables. | 
(O) T parameter containing ۷/۵۸. 


Solution: Steg] T ho D d 3 e A 
Stzo(3) Choose Mit sustem (n= 7) 
Step (3) t L È E Ss a E 
(13) 
Theo nor = 7-3 =4 paramttrss wilt FES ۳ Tis 
Step ® r*3, so Choose S variables: (4 | 
Step © T, = هم ام سرو" 4 ډ‎ Lye Meme | 
o^ AUTE | “0 تت‎ b= 3a -6 +1 -3C0- CD) 
t:-2Zc-1=0 LAS beet 
I se Faq" n 


E ER‏ تش ی ن رتو ا ا A‏ یج و 


Step © in ae FL Mie 
AST - 1 pa B AU a AE, 


Le 
ma FEL EN idi 
gp PURA Foe 


vw‏ ريپ 
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Lar 
mS, 


Problem 7.26 [2] 


Gruen : Bwer, P, Dur +p eive a tan depends an pa. D 
and بل‎ : = 


Find: Dependence of P on other parameters. 


0 e f Q D نا‎ N=S parameters 
(à Choose primary Amensions M, L É 
@ e P Q D y 


MEG M c? L 


r=3 primary AMNCNSLONS 
£3 ¿3 - 


mo 


@ لا رت رم‎ mar=3 repeating parameters 


© Then n-me= 2 dimensiones Groups wit! ESLT, Setting Up 
dimensional Equations, 


m patata 


A Yer ec = meee? 


m, = ۶و ۹م‎ P 
7 (05) (C) CB) ٥۹ 


Summing exponents, Summing exponents, 


Ad: A+1=0 a] | M: d+a=0 


ls 
L: -3arb +2 20 $2-5 L: - ېلد‎ +€ 73 =0 g=- 
i:-C6-3-0 así "» i TaS 
? 
: 7 < 3و‎ I, - 2 


© check using primary dimensions F, ځا‎ 


BL y ua E p 
E ewe Tp 
Thus IM = f(T ), or e E S e 


ا وي د رن DEN E‏ 
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Solution: Apply Buckingham T procedure, 


Problem 7.27 [3] 


Sese! Soe تیا‎ A seco Ss ess = o. y X PN 
) ud. cee ache. che of Ma pad. Ness, ¡SR طا‎ 0 Cas ees of 
پر‎ Ps 5 " وېخ ) ا‎ of Ma od. \ ٠٠ دن‎ A 
Finds Lan ې‎ Sedena که‎ A EM Nas oes. 


QO a T E di WS X n= o panniers 
Gid MAL as es mora duvensions 
XS 
m 


e 
SS à 
= YA GS = T= T WERK OR 
H ۳٢ د‎ 3 : ai 5 
O 
© 


نا 
T o x c‏ 3 
eS ett‏ ماع RU C WESTER ceeds a‏ 
re.‏ کن  danensienhess Songs‏ د = ren NHN‏ 


na, SES Amen یغه‎ ae 
[ee gta O 


ee ced | weet SACER te 


t 


"2 to 3 
y ees ED 


, هنن on eno n | WS QUUM, Spira,‏ دو دو 
MW oz a Y, Ox QA, N OSO‏ 
aba rea‏ نا | 1- Os ese‏ يا ora‏ نا 
Oe -D-2‏ په A. oe -b~ | Lo Os -bA‏ 
A : | te. Ae O‏ 0 = نو وا 
TED‏ \- دد Sra‏ 
C =2 | qe ork | l C=‏ 
G , : ۳٢‏ 
هن ارد O‏ 
Kea a NW Ò‏ 
O‏ اک د ۱ (« nU‏ 
X‏ .و BN‏ 
| " مي Cred us "Ee FAA damen‏ © 
y‏ کت اا سم دخ ده EUN ey‏ 
LS a OY BF GR UL al $ M SUE‏ 


http://librosysolucionarios.net 


Problem 7.28 


Gwen: Wodsr w Armed, fron o aX of danine D See 


a Seed iN cound ése nde of doriar , À De 
RSS AS Geno cote Qm M Le Nok او کا‎ 


۳ unas Lores A 
= اد نه د‎ d. SR S 
COGO SE ES 
MS e Lor, 
SYM o ua a, 
Vind. Re coser of dunans sony COMAS ed. So Me Qe ¿dol 
"S È PEA ck = ENC NUS ines \ abated 


Xe Ade cuna e می هم یرم مره‎ qo sous x 
Mey Re چا‎ Osores RA پک‎ CES QUAS Re REP ملا يلصاد‎ 


SEN Aen سرد‎ Le GDA, «Decre 


6 Lak: eS ٣٤ 3 e EN e MM Re نو مه کې‎ 
O Sded WAL LU os ککے ١کک ہی۵ روي‎ 


LoL V‏ لل کو 
Sor aes e. A, x‏ ون G CS eco.‏ 


fa ea Seva ۷ مهاي رمل اد‎ osos Ness SN 


bs 
O x. v8 
ea? WANS OS XE د‎ 
Wk = = = a 
ES RE Vx 
x 
t. رنه سن د‎ (ae E 
^ Cx Q AA So OE AN 
ا‎ O = esos Me da -C 4h P| 
" | < 
MECUN 
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| | | 
Problem 7.29 [3] 


Gwen. Jander „à, of NS که په‎ formed n Lok ese process 
5 ها‎ a fundion of e po T ععه‌کیو)‎ Lena 17 Y - 


کم e Awnensroniess ros seq pared ^e Cose Ve We‏ و دا غا هم 
MA. dmensiorness tonos, of.‏ فل 


SOON AO. Rady, ہہ مھ‎ x Kot gv 


O a d P S ~ By ashe دد شا‎ 
© Se ٢ ېا‎ as Veneta Amen S eS 


O a په ې‎ Y 
-E 
Po 


3 © Ta% qe AES weh 
0 AN rs T= > eee Şoran ers 


O Wen monza EPEE روان‎ eS o» شوه‎ O (ee 


Sung uo Amensionodl eqpalrans 


: * [A e 
لد و ند‎ T= PY Sp wise Y e 
oe oe [TN S موه کک‎ ۷٢٢ ASE UMS wer (SOS 
EREY ۸ید چم‎ | ES 
Suen MA EXLOONEALS Done ۴ مې‎ | Domne en nents 
| AS | Pu وزو‎ P د‎ 
A که‎ Waa EO | WO GAL =O 
Vos tbat ACN EO ee - Saas وول د‎ EQ U -bobt =2 
-R= 0 | د‎ -GQrhk ra p تد د -ے-‎ 
vea OSs Oo | چا‎ OE “١ | me -حه‎ ١ 
cea Cam | A 
dos | Ws -حامهیة‎ b= Barc =y 
| SS 
“MW, = SCAM L y x = 


Z 


* Y 
E Y art bh لعل‎ E 
CAT [2 Ul کنا سل نه‎ "par E د‎ =O) N 


© brea دوو‎ Fu ÀA venson 
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Problem 7.30 (In Excel) 


7.30 The diameter, d, of the dots made by an ink jet printer de- 
pends on the ink viscosity, jt, density, p, and surface tension, c, the 
nozzle diameter, D, the distance, مل‎ of the nozzle from the paper 
surface, and the ink jet velocity, V. Use dimensional analysis to 
find the 11 parameters that characterize the ink jet’s behavior. 


Given: That dot size depends on ink viscosity, density, and surface tension, and geometry 


= 3 
dl 
Ba پ‎ > 
How n Y 
RU UC 


Find: II groups 


Solution: 


We will use the workbook of Example 7.1, modified for the current problem 


The number of parameters is: 

The number of primary dimensions is: 
The number of repeat parameters is: 
The number of II groups is: 


Enter the dimensions (M, L, t) of 

the repeating parameters, and of up to 

four other parameters (for up to four II groups). 

The spreadsheet will compute the exponents a, b, and c for each. 


REPEATING PARAMETERS: Choose p, V, D 


lo په‎ 


m 
ica 
a 
1 
o 


a 
nd 
a 
1 
1 
= 


XD u pV?D 


II GROUPS: 


Hence II, 


Note that groups II, and IT, can be obtained by inspection 
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Problem 7.31 


Given: Ban ın jet 
h= h(d, D, g, Vy, W) 


Find: Pi parameters 


Solution: Apply Buckingham procedure 


n= 


rm=3 ncm 7-3 = 4 Pee ae 


L 


1 


O h d D م‎ V عر‎ W 
a Met 

A, RIT oM 
© L9 t Lt t 


@ Choose OV,d as Repea Png para . 


MOL? 


® hv ىر‎ «(BFE as 


Ms ati =O wen} 
Li-3arbre +i =0 cn 
t4 —b س‎ 20 beríz 

O) Check : Foe لس نګ‎ e 


ERC? 


ayb 0 et. 
iz, =f Vd ow = ave 
Ta = pv Pd ° 2 
Thy = e^ ل“‎ < =: Ea 
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SHEETS 5 SQUARE 
EETS 5 SQUARE 
SHEETS 5 SQUARE 


seat” 


[3] 


Problem 7.32 (In Excel) 


7.32 The terminal speed V of shipping boxes sliding down an in- 
cline on a layer of air (injected through numerous pinholes in the 
incline surface) depends on the box mass, m, and base area, A, 
gravity, g, the incline angle, Û, the air viscosity, y, and the air 
layer thickness, 0. Use dimensional analysis to find the II par- 
ameters that characterize this phenomenon. 


Given: Speed depends on mass, area, gravity, slope, and air viscosity and thickness 
Find: r1 groups 


Solution: 
We will use the workbook of Example 7.1, modified for the current problem 


The number of parameters is: n=7 
The number of primary dimensions is: r=3 
The number of repeat parameters is: m=r=3 
The number of 11 groups is: n-m=4 
Enter the dimensions (M, L, t) of 
the repeating parameters, and of up to 
four other parameters (for up to four 11 
The spreadsheet will compute the exponents a, b, and c for each. 
REPEATING PARAMETERS: Choose g, 8, m 
M L t 
g 1 -2 
6 1 
m 1 
11 GROUPS: 
M L t 
۷ 0 1 -1 ٢ 
Th: a= IL: 
b = 
C = 
M L t 
0 0 0 A 
Il; a= II, 
b - 
C = 
3 
2 23 
Hence IH = V EGA TI -4ó* we II, =0 
1 ډو د‎ dai 2 
g m^g 
9252 g 2m 


Note that the IT, , IT; and IT, groups can be obtained by inspection 
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Problem 7.33 (In Excel) [3] 


7.33 The diameter, d, of bubbles produced by a bubble-making 
toy depends on the soapy water viscosity, u, density, p, and sur- 
face tension, c, the ring diameter, D, and the pressure differential, 
Ap, generating the bubbles. Use dimensional analysis to find the 
II parameters that characterize this phenomenon. 


Given: Bubble size depends on viscosity, density, surface tension, geometry and pressure 
Find: II groups 


Solution: 
We will use the workbook of Example 7.1, modified for the current problem 


The number of parameters is: 

The number of primary dimensions is: 
The number of repeat parameters is: 
The number of II groups is: 


3 = 
MEET‏ 
ح پ ب 3 
1 1 
wwwa‏ 


Enter the dimensions (M, L, t) of 

the repeating parameters, and of up to 

four other parameters (for up to four II groups). 

The spreadsheet will compute the exponents a, b, and c for each. 


REPEATING PARAMETERS: Choose p, Ap, D 


p 
Ap 
D 
II GROUPS: 
M t M L t 
d 0 1 1 1 -1 -1 
TL, a= 0 IL a- 
- 0 = 
GS -1 c= 
M L t M L t 
6 1 0 -2 0 0 
Il, a= 0 Ta a= 
= -1 b= 
E:= -1 c= 
d / u? o 
وون‎ isg a a ^" DAp 


220 م 2م 


Note that the IT, group can be obtained by inspection 
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Problem 7.34 


7.34 A washing machine agitator is to be designed. The power, P, 
required for the agitator is to be correlated with the amount of 
water used (indicated by the depth, H, of the water). It also de- 
pends on the agitator diameter, D, height, A, maximum angular 
velocity, يم۵‎ and frequency of oscillations, f. and water density, 
p. and viscosity, ji. Determine the dimensionless parameters that 
characterize this problem. 


Given: That the power of a washing machine agitator depends on various parameters 
Find: Dimensionless groups 
Solution: 


Apply the Buckingham II procedure 
0295 H D h max f p Hu n = 8 parameters 


© Select primary dimensions M, L, t 


? H D h Ox f 0 U 


ax 


© r = 3 primary dimensions 
1/7 1 1M M 
=D EJ : 
t t t L Lt 
© p D max m =r = 3 repeat parameters 


GO Then n-m = 5 dimensionless groups will result. Setting up a ame Tee 


t Ü 


E 
M: a+1=0 a=-1 
P 
Summing exponents, L: —3a+b+2=0|b=-5 Hence IL سلتا‎ 
pD Omax 
t: - 3-0 c=-=3 
MV fL M همه‎ 
II, = o*D'o لاحم‎ | (LJ =| —=M'"Dt 
M: a+1=0 a=-1 
Summing exponents, L: -3a+b-1=0 | b=-2 Hence II, = یځار‎ 
PD" Onax 
t: -c-1-0 c=-1 
wr H h f 
The other TI groups can be found by inspection: II, = D II, = D IL === 
O Check using F, L, tas primary dimensions 
FL Ft 
P3 72 
TL, =-—t—=[ TL, ==— =f II, = II, =H, = [1 
Fal اا و‎ „=m, =,=] 
po. FE d 
Y" II, 5 l 
Note: Any combination of IT’s is a II group, e.g., pr LET NE , S0 the II's are not unique! 
I D Onh 
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Problem 7.35 (In Excel) [3] 


7.35 The time, f, for a flywheel, with moment of inertia, Z, to 
reach angular velocity, œ, from rest, depends on the applied torque, 
T, and the following fly wheel bearing properties: the oil viscosity, 
ıı, gap, ô, diameter, D, and length, L. Use dimensional analysis to 
find the 11 parameters that characterize this phenomenon. 


Given: Time to speed up depends on inertia, speed, torque, oil viscosity and geometry 
Find: II groups 


Solution: 
We will use the workbook of Example 7.1, modified for the current problem 


The number of parameters is: n=8 
The number of primary dimensions is: r=3 
The number of repeat parameters is: m=r=3 
The number of II groups is: n-m=5 


Enter the dimensions (M, L, t) of 

the repeating parameters, and of up to 

four other parameters (for up to four II groups). 

The spreadsheet will compute the exponents a, b, and c for each. 


REPEATING PARAMETERS: Choose o, D, T 


و ابا 


II GROUPS: 
Two 11 groups can be obtained by inspection: 6/D and L/D. The others are obtained below 


M L t M L t 
t 0 0 1 1 1 -1 -1 
Il, a= 1 IL: a= 1 
= 0 = 
c= 0 c= -1 
M L t M L t 
I 1 2 0 0 
Il a= 2 IL, a= 
= 0 = 
C= -1 c= 
Hence the IT groups are 
to 2 L LoD? Io? 
D D T T 


Note that the IT, group can also be easily obtained by inspection 
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Problem 7.36 31 


Nr 


Given: Pressurized tank dfaintd through a. Smooth n033k ano 4, 


)4,9 رځ رط Ab,‏ ځور ma‏ 


Find: (a) Number of independent dimensionless parameters, 
(b) bbtain the parameters, 
(t) State The fene tonad relapionshiP fr h. 


GQ) m Ap : 2 A q  n7b parameters 

(2) Select M,L,t as primary dimensions 

© “u M L m è Lo 3خم‎ primary 
* it» L3 ft dimensions 


me=r=3 
© Choose. f, 4,3 as دجله مھم‎ 4 parameters, 


(S Then n-m = 6-3 = 3 دل‎ less parameters result. 


Ser up dimensional eq ua hens : 


2 ppb ; a art 

00,0 (MH Pra mo] meo Mr i o /H bre C 
metes) IU P | erue. | nee رما‎ 
Equating Exponen ts: | Equating exponen ts: | Equatng exponents: 
M, Aa F1 =0 art? Miar!l 29 à--1' Mia=p a-5 
Li-Zattb te =o | L1-3ad4-1br6-1-D0 | | Li-Sa*ibrÓ4|-D 
eo Card | t! 24-2 =0 C=“ | 22-/ځ‎ =o C *0 

b= د( سه‎ -È | b= )د‎ eso -c)--i | Y 5 «i7 1430.76) * -1 

i se . AP Q4 

ZTE | m ELT | ٨ T Aih 


(6) Check. using Fitt dimensions : m= LFE a Ft, p= Ere SPE 
É mi 2 
Ft کل‎ Fut 
neti [mete | 
Thus : 
T, - £7, 7 m 2 La 5 
1 CR, 3) وړم‎ f fA ng 4 a) 


dr 
) - Sh th Ap h 
m eA Ta f ara ) Alh 
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Solution! Apely the Buckingham T - ineovem. 


۵ SHEETS 5 SQUARE 
Q SHEETS 5 SQUARE 
ETS 5 SQUARE 


9? 200 SHE 


pem 
na A ua 


[2] 


Problem 7.37 


7.37 The ventilation in the clubhouse on a cruise ship is insuffi- 
cient to clear cigarette smoke (the ship is not yet completely 
smoke-free). Tests are to be done to see if a larger extractor fan 
will work. The concentration of smoke, c (particles per cubic me- 
ter) depends on the number of smokers, N, the pressure drop pro- 
duced by the fan, Ap, the fan diameter, D, motor speed, œ, the 
particle and air densities, p,, and p, respectively, gravity, 2, and 
air viscosity, u. Determine the dimensionless parameters that 
characterize this problem. 


Given: Ventilation system of cruise ship clubhouse 
Find: Dimensionless groups 
Solution: 


Apply the Buckingham II procedure 
Oc N Ap D e Pp p g H  n-9 parameters 
© Select primary dimensions M, L, t 


c N Ap Do p, p 9g u 


© r = 3 primary dimensions 
1 M 1M M L M 
روچ‎ ee E m m E ar 
L Lt t E E t It 
© p D 0 m =r = 3 repeat parameters 


© Then n-m = 6 dimensionless groups will result. Setting up a dimensional equation, 


٢٣ " MY 1١ M 
II, =p "D'w )مه‎ (۱ (5) — = M'L? 


t) Lt 
M: a+1=0 a=-1 n 
Summing exponents, L: -3a+b-1=0 | b=-2 Hence II, = mE 
0( 
t: =c-2=0 |c=-2 úl 
M\ ۷1۱ M _ 4,070.0 
IL, = p°D’o pw =| — | (LJ =| —=M°D't 
pH H Hof) Lt 
M: a+1=0 a=-1 
Summing exponents, L: -3a+b-1=0 | b=-2 Hence II, = رن‎ 
pD'o 
t: -c-1=0 c=-1 
r : 3 Pp g 
The other IT groups can be found by inspection: II, = cD Il,=N II, == II, = 3 
p Do 
O Check using F, L, t as primary dimensions 
F Ft 
T2 T2 
ص‎ weg ان‎ II, = H, = TI, - H, = [1] 
7 راس‎ 
PE Ú t 
- I, Ap l 
Note: Any combination of IT’s is a II group, e.g., ——- = —, so the 1175 are not unique! 
I, ou 
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[3]— —- 


Problem 7.38 


Gen: ٥۳ dy namic rge on spinning ball, 


= Y PAra metres 


t —— س‎ 


کہ = ررر Es‏ 


n-=m 


T= ۴) ۷ p ^, D, to,d ( 


Fired: Dimension less parameters 


Solution! Apply Buckingham procedure. 


سر ۶ ۷ 


NP E 


0 List: 


@) Choose Mi t,t 


Merb 
e E 


"ds 


© 


vo‏ رع Choose‏ 8ه 


Mi رب تچ‎ =o A mj T 
يز ني په 0= 7+ سو نو دور‎ Tvp? 
ti ¬4 -2 =0 b= -e 


سی سي ار = JE‏ 


Per ھن‎ 


(E) Checa : 7T = E مو ده‎ 


Wi, = 2A 
evo 
TT, = UP 
* y 
di d. 

Wy T 

FT = fn, Ta, 77, ) 

E = t E wD ر‎ 
۷م‎ 3 CVE? V+ +D 
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Problem 7.39 


Guen: Em S8 , dagends ود یه : کم‎ dardar D^ chansons C, 
angles spud ss, نه‎ M5 PEDIA دنب‎ STE | 


e \ Ness, Kot sodas. We. فل‎ Y 
(coo صا‎ COC دد بک‎ 


aden: egy, “Dos راب دوا‎ 


© ې‎ X 5 a La j> $ AA POS لوخ‎ 
اف‎ GS Fon A فد‎ REPO AONE AS کت‎ 


EL A با‎ a 
x 


3 » تا,‎ A Wel = وسقچی‎ Ras "مه‎ 
S “wen ara A اڅ‎ QPOs یں‎ ses, 


Duna UR Awensrconad eq pios 


AS 
* € irs Dy چ يي چ| 4 چ ی‎ & ESC 


z e $ ¡A ec lecds eS Sa ia eq EN 


egoneko Oro, e | e le mens 
ra, ده مې‎ rn ae Sem ta ones y ومتصې‎ ange 
١ Os ari T ore G-e | ٠ OF اخدع‎ 
O Ozz Q-;EMN Vo مههه دت‎ We Oa tten لا‎ Oza- e-r 
لا وه‎ E Mee ee MER 
| 
TET | exo eso EERE 
کے‎ -> | Que TN CX mn | a FO 
= -y | Ee v6 | ‘p= 
. € ZA e | OS 
puc JE Wi د‎ (Wc كو‎ 
l R £ Md E & e 
Ten, EY S (^x >>, S) 
& Chek PN yu x ې‎ e 
" 1 ۸ eir 
m "S s^ V 
پا‎ 
نک په‎ ye XH 
L 
A سم کا د‎ 
دون د و د و‎ 
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wy 


VOX یی‎ 


ASS 


[3] 


Ny 
Ro 


bas oo 


Problem 7.40 


Gen: read UN Wr tae eer S Ñ AL Ro dat که‎ 


Ore 
du Us په‎ 


Ema, merane هععلخه عم‎ Wor pare proper 


OPA 
SENA GN مه‎ meu X - و‎ : 
O Má: LAN X ur » حم ې‎ (een 
3 Sesa w > OS Ve ARES ie 
په‎ ١ A 
Y vere OS Ed = E X dw Ww 


l wr ور‎ 3 
NES vol Ceu, 
SEEDS UR Da UNS COS. eq palaons 


E‏ د 
da eras‏ 


LA i 
E 
Om _ AA Y د نا‎ C GN دک‎ w 
j s 8 XE por o>=--t == TUI رې‎ 
Ww o= -baicen os 
a bw ې‎ 
تسد‎ $ » Wi Oza GAO a) 
© x we پا‎ T XI —— 
NO (USE Le oe g 
V oF مادم‎ AA ESA 
a ې ې‎ 
X,> e 3 y Lo A oan. آنه مو‎ 
e (IS fk 3 ; PN S 
)هحم‎ ES (E AS O= -u-* MEA $ . وکا‎ 4 
M e OF OU CE X 
a DS ې‎ \ + 
TX, xa ؤ‎ + MI OF Aah Q=- 
we v. a(S 3 A kt cm La XII 1 سر د‎ 3 
A X XE XS © -Barbat ex ےم کت ےا‎ 
کي‎ Sy یر‎ N = AA په‎ 
nen f ANS WAR AS د ص‎ SEES BOX 4D 
AAN a E 
X X, ۷ Nee -ha apati QS mk 
‘ r «€ E E نف‎ 
menses porandlers AXE sty ` $. ^ “2 2 pe x ¿Ay 
E Qux seva پر ته‎ 
- X 
Ka VV. ال‎ A a X= Sp Za CY 
E, 2 t inm x X V 
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TS 3 SQUARE 
TS 5 SQUARE 


15 


مک 
Aa ^‏ 


[4] — — 


Problem 7.41 


Gwen: Fan-assisted convec tin oven; 8 = hear wam fer rode, رو‎ 


A = f (<p 6, LEA, V) 
Find: (A) Number of basic dimensions included in the Variables. 
(b) Number of T-paramettrs. 
(€) Detain the parameters. 


Solution! Apply the Buckingham T- theorem. 


O à Cp e L e س‎ V دس بر دن‎ 


(Z2 Select F,L,t, Temperature) as primary dimensions. 


© E i T L FE Ft L 6-4 primary 
$ HT ک‎ Là E 
(4) Choose 2, V, ارا‎ as reptating para meters. Naf = 


n-m 


(5) Then n-m #774 ید‎ dimensionless parameters resi, 


PET (Aj (Ey t'y c | pazo (EEE EE 


Ser up dimensional equa hans: 
m PELS D 
o =) RA d 
pero c 


Th = puto e | m, = مدر“ ۷۳م‎ 


E quating exponents: | equating exponents: | equating exponents: 

Fi ati =0 asii Fia=o ao, Fiato ١ و‎ 

Li-Yatb tC F10 Li -4atbic 4270 Lita سح مو‎ 2 70 

t: la-b-1>=0 b--3 | t:2a-b-2*0 b=-2 | t:la-bri ۵ b=- 

T: d=9 | Ti d-i =o d=: | T:d=0 d*0 
C--hbktua-6»-2 Es -2+44-b= 0 +» C= 247 4a-ba-l 

"n قم‎ = Ts ove 


O) Check, ising MLET dimensions! Q- MU [t3 ر‎ AA = Mitt 


T MEL? 1-1 
7 23M 3 m 


Thus 


12 Miti. 
= [1] ۷٧ پوچ‎ efi] vr | دوو ځا‎ EN ve 


TT, هو‎ Ta) E = (26 I) 


vse 


or 


Q = د 8& )م ۰م‎ Sor) 
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[3] 


Problem 7.42 


CE Mouses SS, tequired Vo AE a pra peler : sa fancies | af 
: N >, us l anadas asi, لر‎ E and ¢ Copecd of sound) 
Find P we nuriber of dinennronvers eek veq pus هه‎ la rosocera t s NASA OR 
هه‎ Me dmensioness Spes 
Sex en Wee Mud مه"‎ T- eoten 
0 e n B Uo | Po ۴ c Ux ها‎ Sas s 
© She ALA as etwas EN ARENOS 
© 8 ~ 3 Uu» J ۴ c 
Nor د‎ “ ow ES S23 pu Sess 
ES = de we X did ردو ف‎ 
O نې‎ 


A í Mza à cepas COX vee ro 
R ee 8 ae | 
© Hern A=W = کا‎ dimensiones Speo ool رلم‎ 


AA چه‎ Awrengonok © Mens 


Was WPS wo‏ | چ ese‏ دپ کې لن چ 
E"‏ 
ASAS LIDO IAN THE SOLA‏ 
NEN = QE GN X‏ 3 کد دا MESE‏ 
| رد فیا * ponents E | Senes.‏ یی Sere‏ 
Yu sa‏ ا ي سخ YA, Tarz‏ 
2 = یدد ده ۷ Los a -deat zo.‏ ) 
١. ae -N‏ هته ھ TQ -5:0 S as - 3 | 3 3 - ٤٢‏ ; 
ec te-la = -A w= Bese: = \‏ 
8 
ES d‏ 
Wes N 01 c E‏ 
AN ۷ uA L‏ ېه 
wed = ve NS x | e‏ 
8 په وغ SORA Shenae , pisci‏ 
ay o‏ ع Mo, LAN E S.‏ 
Sea m c‏ اه V.‏ | هح V. abro‏ 
ARA Mur “AMO fy EN‏ د e -a-s o‏ 
ته = beReal-a = =| | Yee La‏ 
a= EE =‏ 
دت 4 د 
E S p c‏ 
AAA‏ د are: gu‏ و VINOS uon esi‏ 
O Sen amo TLA :‏ ) 
SM‏ 2 ميا يي v‏ ٢ک‏ وه EL,‏ 
GL ieu‏ ده چوک چک 
٢ w‏ ا x‏ 
)نا ول DMa Q = TY NE X‏ 
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Problem 7.43 


7.43 The rate dT/dt at which the temperature T at the center of a 
rice kernel falls during a food technology process is critical —too 
high a value leads to cracking of the kernel, and too low a value 
makes the process slow and costly. The rate depends on the rice 
specific heat, c, thermal conductivity, k, and size, L, as well as the 
cooling air specific heat, بې‎ density, p, viscosity, 4, and speed, V. 
How many basic dimensions are included in these variables? De- 
termine the 11 parameters for this problem. 


Given: That the cooling rate depends on rice properties and air properties 
Find: The II groups 
Solution: 


Apply the Buckingham II procedure 


O ddt c k L u V n = 8 parameters 


€ P 


© Select primary dimensions M, L, t and T (temperature) 


dT/d c k L c p u V 


p 
© 


r = 4 primary dimensions 
L 
t 


m = r = 4 repeat parameters 


SY Pp L هی‎ 


Then n — m = 4 dimensionless groups will result. By inspection, one IT group is c/c,. Setting up a dimensional equation, 


T 


t 


TM rr 


B e 
y Qo, PLY 


j 


b 
dT (LY(M p 
II, =V" rct — =| =| |=] (| سا‎ 
dt t L tT 
Summing exponents, 
T -d+1=0 d=1 
M: b=0 b=0 
L: a-3b+c+2d=0|a+c=-2>c=1 
t: -a-2d-1=0 a=-3 
Le 
Hence fie E 
dt y? 
er . k 
By a similar process, we find m == and 
pL Cp 
Hence 
Qr. 
dt y? 
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Problem 4 [4] 


Given: Woter hammer Coused sy Sudden Close OF valut in XA 


Pmax = f ما‎ Uy, Ew) 


Ed û) Hw many dimenseontess Groups reeded fo charac kerize? 
(b) Funchonas relathonship in terns ef TT Groups. 


Solution: Step O: List Pmax f % Ey n= پا‎ 
SEP: Choose MiL,t 

; 14 M L Hh 
دځ ون‎ La c it~ 

Check. di SBA matrix’ د‎ Pmax f ولا‎ Ey 


Fyv thes matrix, rad 
Step O: Cnoose €, Y 
ajre RA هه ه‎ 
step®: T, * UC Prax له‎ DE M 


» نه At: 0 A_2-1‏ 
"O vo, = Zu 4‏ /- يی ېه ې اسا 
دا دوا دوو 


دد (BEN‏ وسو چا 


Sy inspechon Ta + 2 > un 
: ie, H ~ v 
.8ه عد‎ Check using Flt: ۰ ae - => 
PA A ey de 
¡CAFE هه خا‎ 
The fane hona! ٣/ دا موو ځه‎ T, = F(T), Thus 
E max "n. a ) f 
pu? خي‎ 
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Problem 7.45 [2] 


7.45 The fluid velocity u at any point in a boundary layer de- 
pends on the distance y of the point above the surface, the free- 
stream velocity U and free-stream velocity gradient dU/dx, the 
fluid kinematic viscosity v, and the boundary layer thickness Û. 
How many dimensionless groups are required to describe this 
problem? Find: (a) two II groups by inspection, (b) one I that is 
a standard fluid mechanics group, and (c) any remaining II groups 
using the Buckingham Pi theorem. 


Given: Boundary layer profile 
Find: Two 11 groups by inspection; One IT that is a standard fluid mechanics group; Dimensionless groups 
Solution: 


Two obvious II groups are u/U and y/ó. A dimensionless group common in fluid mechanics is Ud/v (Reynolds number) 
Apply the Buckingham II procedure 
O u y U dU/dx v 6 n = 6 parameters 


© Select primary dimensions M, L, t 


u y U dU/dx v 6 
© m =r = 3 primary dimensions 
L L 1 P 
L L 
t t t t 
© U ٥ m = r = 2 repeat parameters 


O Then n- m = 4 dimensionless groups will result. We can easily do these by inspection 


n-*5 mer m=- q.v 
ô U oU 


© Check using F, L, tas primary dimensions, is not really needed here 


Note: Any combination of II's can be used; they are not unique! 
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Problem 7.46 [3] 


E Arde es له که چه‎ ex zo ae VS sLondasd e. 
Se a AS Was Scale aded. a Sane ost Ves exo ute. . 
Moda د‎ Ledled که‎ AR hac 


Finds ؤو‎ Creo lor dunni sos. 
لل‎ Lama Saee esse. 


© Prad yga s X وه‎ loca om roda i 25ou. 


Dinensienall andyse predits - a د‎ € (X 


Comsegperión far seas | لا‎ MESS 
Ure ee dE SAN x 5) " A names 


ur . end pes pr ( bacouée Vos Ke ANUS‏ یا ایض کت 


wi? څ‎ X E Fa EEG E e <S, 
سی‎ dank بو ا کک‎ psy 


E 
SB orê C" = 538 = Ba var یک‎ = S MAAS ٢ 
Tron Ve lorca نتا‎ 


e M. V ni NI 555. 34V‏ هې 


T Sse M E TOO نی‎ 
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Seven 


77 3 


7 ان ند 


Problem 7.47 [3] 


7.47 The designers of a large tethered pollution-sampling bal- 
loon wish to know what the drag will be on the balloon for the 
maximum anticipated wind speed of 5 m/s (the air is assumed to 
be at 20°C). A ول‎ model is built for testing in water at 20°C. 
What water speed is required to model the prototype? At this 
speed the model drag is measured to be 2 KN. What will be the 
corresponding drag on the prototype? 


Given: Model scale for on balloon 


Find: Required water model water speed; drag on protype based on model drag 


Solution: 
F j ‘ k -5 6 k -3 N:s 
From Appendix A (inc. Fig. A.2) pai, = 124.75 Mair = 18x10 کو‎ Pw = 999.55 Hy = 10 e 
m m m m 
: : m 
The given data is Vair = B Lratio = 20 Ey = 2:kN 
PwVwLw Pair VairLair 
For dynamic similarity we assume ——————— = ———— —— —— 
Hw Pair 
-3 

Hay Pair Lai Hw Pai 10 1.24 

Then Vice Va A A اټ‎ — x x 20 Vy = 6.90— 
L ; -5 5 
Hair Pw “w Bair Pw 1.8 x 10 
Pair B 2 
For the same Reynolds numbers, the drag coefficients will be the same so we have 1 2. 2 
7 Pair Aair' Vair 5 Pw Aw Vw 
2 
h Aair Lair 2 
where دود‎ ra حا‎ Lratio 
W w 
2 
2 

: Pair 2{ Vair 1.24 2 (5 

Hence the prototype drag is Fair = Fw ys منص‎ : vs = 2000-N x 505 x20 x as Fair = 522N 
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Problem 8 BL 


Given: Vessel da bt powered یط‎ robado c, hader, MIE! to bx des des 
Jo estimate pouer needed ld fo hate ce nde, 


Find: la) Racamekrs that should be p» 
(b) Important dune nson ress 47-5 
:مو هک‎ P - £ (oco D re, Vv) 
dili ښوه که‎ f^: "ha^ ر‎ 2 as ron 


Op uu. Di pe cu GF ne 


© Choose M,L t as primary it وک‎ Mm xm 


5 1 E. M ui E Mo 3م‎ preme ےرل‎ s 
Lt € 
a fi, 0 rms m= ces اف هم یسه ها‎ 


6) Then expect 87 - 5 dimension RSS greujos 


M ۹م‎ wh وو‎ "(CEU MEY | preto = (J 


Mi art o azn AA: 0,70 =O A =0 
Li-3atate =o (Cua -5 Liv~Barctri 90 C xl ! 
tirb “3 -0 ر 2 “¬ عن‎ 767] 0 Ar- | 
9 y | 
ra i T, = m 
3p* WD 
pup | 


a a AA TIN CM 
Pa, > و سم‎ © H T, f طا‎ DSA “(A (o) T 


; , H | A a 
By aspecten n - 5 Ts | M: a tio A 


=O CT-2‏ )يه سوا L-3‏ ———— م 
tir-b-/*O b-i‏ | | 
m- 4, |‏ | | 
و 
DERE QT le‏ 
ر ب _ —— _ يه 


| Ocek using F Lt 


EE ay msti] 
CO EFI | | 


:(] " m, + E CE Oe d 


z = 
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M Problem 7.49 [2] 


Given: Desire do mater Reynolds member in two flaws: one of aur, 
and one of water, using The same size model, 


Fma: luhich flew must have the higher Spetd, and by how much, 


Solution: Ser Rey = Pw Vos bi _ Reg = a. Ya. La. 
Í رال‎ 


tu 


Sine Lu = La, then Va _ fw مه‎ „ Ve 
Var la. کر ټس‎ 


=$ 
From Tables AZ and ۵۰۱۹, at 202,0, =1.00x ig m/s مه‎ 0) a ASI ٥ 


Theis: Wat ERE تسا سا‎ 
YA © g JA90xti0 pat 


Vy: must be larger than Vur. Va‏ )همه 


——— ————————— 3 


In tact, # match Re, 


Va = 15.1 Vur 


7 | 
لک اه ج ي اد ي ا ا 
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Problem 7.50 [3] 


Gwan; alto eK as Eu are “ade ona Boas 
D يي‎ E Red ok RS Ve z, 
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Re ÍA, Fore om e bal S Fon = oo‏ 


FHA. @ Stoke ate Cea yos d. No s 
ond 


"or زا و‎ CARE ad کي‎ . e i P 


pena 
es m eA E 


مهو یکشلو 
Noo OS‏ چا (A We Qus NCA‏ 
gane ee‏ ره Sw ior . and none ES‏ 


e monca gwar : 
: Kee DA Teq pared Neus nodal n all mese ds 
š ree ANA SEQ PASS Soc. Quo porra, 


ice eo Lua - 5 «ás or CANON NON - 
Re proa, Ge Soled غه‎ Fy =$ رام‎ 
A rats 


T KOJ 


DN peur E NE PUN dA eoa. a a Bass 


rU = Mey Assure Te toc 
de. As = 


EI په‎ 
پا په پیلک‎ ES || ند‎ ER S 
(CN Re سوه‎ | Sanos cord OS ; SO ES : 


z *- 
Ber Be EG 
SARA MEO. IOWA A 3 (3y 


San Sr. xn” = 


وپڅ چع لا 
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[2] 
v-L 
v 
L 
m 
s q 
p 
L, لا‎ 
m 
TT 
p "p 
e 
m 
10 
= 125-rpm x a Wm = 395rpm 
L, v L 
m 
no کل لمال‎ (3) 
Em vo Em 


ll 
Hj 
لاد‎ 
خښ سه‎ 
N 


10 : 
= 125-rpm x e Wi = 12500rpm 


Problem 7.51 


On a cruise ship, passengers complain about the noise ema- 


7.51 


nating from the ship’s propellers (probably due to turbulent flow 
effects between propeller and ship). You have been hired to find 
out the source of this noise. You will study the flow pattern around 
the propellers and have decided to use a 1:10 scale water tank. If 
the ship’s propellers rotate at 125 rpm, estimate the model propel- 
ler rotation speed if a) the Froude number or b) the Reynolds num- 
ber is the governing dimensionless group. Which is most likely to 


Model propeller speed using Froude number and Reynolds number 


Flow around ship's propeller 


lead to the best modeling? 
Given: 
Find: 
Solution: 


Basic equations 


Using the Froude number 


But the angular velocity is given by 


Comparing Eqs. 1 and 2 


The model rotation speed is then 


Using the Reynolds number 


(We have assumed the viscosities of the sea water and model water are comparable) 


Fr = a Re 
VEL 
"M Vm 1 A Vp Vin 
Im = = Frp = —— or == 
Vin 
V=Lw SO — 
Vp 
Lm “m — [bm wm 
Lp ډوه‎ y Ép Wy 
L 

p 

Ww. = Wn: | 
m p Es Um 
Vir Em Vp Ep Vin 
Rem = = Rep = or == 
Um vo Vp 
Ln Um 1 Lp Wn 
Lp Yp Im Wy 

Ly 2 

WwW. = wW | — 

m p E Um 


Comparing Eqs. 2 and 3 


The model rotation speed is then 


Of the two models, the Froude number appears most realistic; at 12,500 rpm serious cavitation will occur. Both flows will likely have 
high Reynolds numbers so that the flow becomes independent of Reynolds number; the Froude number is likely to be a good indicator 
of static pressure to dynamic pressure for this (although cavitation number would be better). 
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Problem 7.52 
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BAL deca, EN OS el London Vy vede 7 کا ایا‎ 
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lo oun CN anior modd Ne, SN 


Re = Ry Es $ PE | Ves as OX LOC مه لار‎ ae les 
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.& 
- 24 Ez ۷ Qe اټ‎ i. i 
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اا | E OO‏ څ لو دد 
: يئ m‏ 
en Nor Mass,‏ دون د For‏ 
et Sy. Ry.‏ 
l e IN 8 =‏ 
De x E ٢٢ S‏ 


2 
aat E 
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Problem 7.53 


Gwen» fe EN A os oso A co de که ما شعګه له‎ 
Qu US کا رخ که‎ EE UO 


Med عا‎ Cord dons 
key 


un = = Ren 2 5% ax کي‎ edad. orn هملک‎ Ves 
T= Se ې‎ XO Anespreres 
ام‎ delo. : thad A A NES به‎ 
pe , 
3 Ve de Ses LOA Rew 
Rand a eck لا‎ , of modal Ae 
(yb) corras REP دد ميا هم‎ ۳ 
SN aen l , Y 3 
Dunant vera. زا نف‎ predicts eee زو‎ RS 


= SES 0 and Wero چ« ېلا‎ Ssnin. 


Yo dsermuse Dn  Disuye که‎ Yee eas OS اممف خه‎ e 
- نن‎ XQ woke کي‎ ad ۹ MA 
Rn : V. = د و‎ aan * ase ې‎ 5 Ma Ra 1 


1 -5 x 
Ven “Vode. پد‎ Aepemds A : Po - )دم کرک‎ 


ANAA Aet : bo.‏ کم Ren Tena BE‏ چ« پا 
DESC ue su Sus ee‏ 


£ 
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[2] 


(Mach number criterion 
satisified because M<<) 


2 
v. = 1.62 x تت رو‎ 
P 5 
ft 
Vin = 20.0— 
5 
2 
Pn V D 
p op lb P. P 
p m p 2 
11 Vin Dm 
Fp = 0.2311bf 


Problem 7.54 


7.54 Consider a smooth sphere, of diameter D, immersed in a 
fluid moving with speed V. The drag force on a 10-ft diameter 
weather balloon in air moving at 5 ft/s is to be calculated from test 
data. The test is to be performed in water using a 2-in. diameter 
model. Under dynamically similar conditions, the model drag 
force is measured as 0.85 lbf. Evaluate the model test speed and 
the drag force expected on the full-scale balloon. 


Given: Model of weather balloon 
Find: Model test speed; drag force expected on full-scale balloon 
Solution: 
From Buckingham IT —— = (53) = F(Re,M) 
p. V^.D VD c 
For similarity Rey - Rem and Mp =Mn 
VD VD 
Hence Rep = pP = Rey = a 
Vp Vm 
Vm Dp 
M em MTS 
m 
p Vp Dm 
5 ft 
From Table A.7 at 68°F Vm = 1.08 x 0. *—— From Table A.9 at 689F 
5 
2 
108x 10 E 
v = 5 sl 10-ft 
: : -4 f l ft 
1.62: 10 -— 6 
5 
F F 
Then کے‎ - : 3 
Pm Ym ‘Pm Pp Vp ‘Dp 
1 2 
0.00234-2 = gi , 
Fp = 0.85-Ibf x ——— = = 
194772 0 EN: 
ft S 6 
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Problem 7.55 


7.55 An airplane wing, with chord length of 1.5 m and span of 9 
m, is designed to move through standard air at a speed of 7.5 m/s. 
A p scale model of this wing is to be tested in a water tunnel. 
What speed is necessary in the water tunnel to achieve dynamic 
similarity? What will be the ratio of forces measured in the model 
flow to those on the prototype wing? 


F = F(l,s,V,p, 4) where F is the force (lift or drag), lis the chord and s the span 


Given: Model of wing 
Find: Model test speed for dynamic similarity; ratio of model to prototype forces 
Solution: 


We would expect 


From Buckingham II 


Pay Vul p, Vpl 
For dynamic similarity SELL AE O PP 
Um Hp 
Pp با‎ H 
Hence Vi = no n 
Pm Im Hp 
From Table ۸.8 at 20°C Hm = 1.01 x 107 ex From Table A.10 at 209C Hp = 181x 10. 
m m 
k -3N 
1.21.8 1.01 × 10 cs 
m 10 m m 
Vm = رونم‎ x EE x ٣ Vin = 9.07 — 
: 998. E, 1.81 x 10 : 
m m 
F F F Pm V 21s 2 
Then — — e ane i ارا‎ : L, 7 — 
F 5 1.21 ; 1 1 
Pm’ Vm م0 وول‎ Vp و و کم‎ fp وول‎ 
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SS suk ges, SS. Loto د‎ 
JN > A, uc c ya پد‎ NR د‎ E: 


QO, = at AO TEN = NOCKS Cors‏ > نیا 
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Problem 7.57 


7.57 A water pump with impeller diameter 60 cm is to be de- 
signed to move 0.4 m/s when running at 800 rpm. Testing is per- 
formed on a 1 scale model running at 2000 rpm using air (20°C) 
as the fluid. For similar conditions (neglecting Reynolds number 
effects), what will be the model flow rate? If the model draws 75 W, 
what will be the power requirement of the prototype? 


Given: Model of water pump 
Find: Model flow rate for dynamic similarity (ignoring Re); Power of prototype 
Solution: 
Q P 
F Buckingham TI — and where Q is flow rate, 0 is angular speed, 
OM د‎ 1 p? pw D? d is diameter, and p is density (these II 
groups will be discussed in Chapter 10 
Qm Qp 
For dynamic similarity - 3- " 3 
“nm  “p#p 
3 
Wm { Pm 
Hence Qn = Q EE 
p 
“o | Pp 
3 3 3 
m 2000 1 m 
= 0.4 — x| — |x| — = 0.125 — 
Qm 5 | 800 (3) m 5 
kg kg 
From Table ۸.8 at 20°C Pp = 998.—7 From Table A.10 at 20%C m= a 
m m 
P P 
Pm “m ‘Pm Ppp Dp 
3 5 
Pp) p mp 
Pp = Pau — . — 
Pm (Um) (Pm 
3 5 
00 2 
P MN CUM و‎ x|— 1 = 127kW 
٢ 1.21 0 1 P 
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- 20 


= 1600rpm 


m 4 
p (1)x (fo Vin 


Problem 7.58 


7.58 A model test is performed to determine the flight character- 
istics of a Frisbee. Dependent parameters are drag force, Fp, and 
lift force, Fz. The independent parameters should include angular 
speed, œ, and roughness height, A. Determine suitable dimension- 
less parameters and express the functional dependence among 
them. The test (using air) on a i-scale model Frisbee is to be geo- 
metrically, kinematically, and dynamically similar to the proto- 
type. The prototype values are V, = 5 m/s and c, = 100 rpm. 
What values of V,, and ©, should be used? 


Given: Model of Frisbee 
Find: Dimensionless parameters; Model speed and angular speed 
Solution: 


The functional dependence is F = F(D,V,w,h,p,p) where F represents lift or drag 


From Buckingham II —— - (2 YD OL 3 
p. VD p, V.D Pn D, Y 
For dynamic similarity ee Pp P P Va = 2.2 Vm = 
Hm Hp Pm Dm Hp 
wD w D D, V 
Also i = P P Um = y Wm = 
Vin Vp Dm p 
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Problem 7.59 [8] 


Gen : ra Ele E د‎ ۷ TO “ay s Yena 
Se EXA me 


Cx ON us uL 


To ved IE E پد‎ o d Co NN LONAOf 
عا هی یوس‎ AA e 


Finds arben Pressure ما کم کیہ کک ےھ‎ rus. 
SAVIO 


۵ Asa Nc dye. e Rada Cos sc W sous لم‎ ard ې‎ dg 


Te es 
Ae څل وه‎ (my : 
چا میا‎ IO) 
osé Xs پا يځ‎ = Wo Sn = mal 
پا‎ a. = ¡EM ٨ Sen 
+ و‎ 
Ea x e 
PT Rra ه‎ RIA, ټپ‎ (esses, Da? A 
PaF پک کا + ند‎ y - 
Te MSY Rep” ONS paa | 
i دج‎ Qo. د‎ OMA -o AS) faa > 2 
* Le go La 
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ý Mo Poil VEO 
H20 = هټو‎ Voil = 
PH20 Poil Voi] 
6 me 
m 
Vio = 0.0142 — 
omo 
12070 
APH20 = 57 APoil 
Poir Voil 


Problem 7.60 


7.60 SAE 10W oil at 25°C flowing in a 25-mm diameter hori- 
zontal pipe, at an average speed of 1 m/s, produces a pressure 
drop of 450 kPa (gage) over a 150-m length. Water at 15 C flows 
through the same pipe under dynamically similar conditions. 
Using the results of Example 7.2, calculate the average speed of 
the water flow and the corresponding pressure drop. 


Given: Oil flow in pipe and dynamically similar water flow 
Find: Average water speed and pressure drop 
Solution: 
From Example 7.2 Ar = (5 7 ES , z) 
m. pV.D'D'D 
٨20 1 Hoil 
For dynamic similarity PH0'VH20PH20 Poir VoirPoi SO 
5 m 
From Fig. A.3 at 259C Voi] = 8x 10 ^ From Table A.8 at 159C 
5 
6 m? 
1.14x10 .— 
5 
ence H20 2 x 
8x10 .— 
5 
Apoj Ap 
Then _ Oil = OH _ 


2 2 
PoirVoii ۴200" 


From Table A.2 SGoil = 0.92 


2 
0.0142 
: | ) x 450-kPa 


APIDO y" 
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Problem 7.61 
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t. 
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wy «X f. * E 
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O SRA WK as Posa, Ares 
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1 

X: 
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a íà تکاله‎ 
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X 
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Problem 2 [3] 


Given: $ -xate model pf tractrr- trailer rig tested 1A pressurized 


wind tunnel. 


W= 0,305 rn Uz 75.0 mis 
A= 0.4% m Fp = / ٧ 
L? 1 m نزو‎ kg /m3 


Find: (a) ACredi namo drag oce ffic rant of model. 
(6) Qdompeue, Reyno کل‎ niunt Terr mode] With prototype 
ar Ve, mph. 
(e) Atrcynam ic drag Da Pte at Ve SI mph, with 
headin, Va € داوم‎ 


Then هله‎ 

px 
ASS مه‎ ٣6 Arm = Wm Hm = 0 Dos m. 0.96 وم‎ = i14 m? 
2 


RSEN, mF $ Lx gim‏ خیرم 
m "33kg OS*m* ns AEG‏ 


Kem = im Ym iim, مل‎ 8 00 Yn 


AE Kn im (Bi sexe our: = Ako 

Rep Aim feYelp "fe Ve Le rum ) 
Fr the proto ریا ر‎ = A t+ a ET ER 

V, M y -x 03010 a 24.6 mds‏ سي مو 


Rep HR AA d) = 100. Rm Res Re 

Stk / = Ko, then Cop = Cm, ASSUMING geametrie ane! kinematic prom £0 
Foe * Dp Ap + folio + Var)” 

With Vur ٥ mph, Yot Vir -&x iv mls * 29.1 m/s 


TRitzs 
a 0.072 پا و د‎ amt aas kg ي۸ څور(ل,ې2)‎ 
op 0.0972 (D*0 145 T سه و مه‎ 
Fop = 470 M Fop 


pe EE i تجح‎ 
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Problem 7.63 


7.63 Ona cruise ship, passengers complain about the amount of 
smoke that becomes entrained behind the cylindrical smoke stack. 
You have been hired to study the flow pattern around the stack, 
and have decided to use a 1:12.5 scale model of the 4.75 m smoke 
stack. What range of wind tunnel speeds could you use if the ship 
speed for which the problem occurs is 15 knots to 25 knots? 


Given: Flow around cruise ship smoke stack 
Find: Range of wind tunnel speeds 
Solution: 
VD V.D D 
For dynamic similarity EM ial ۴ or Vin = Py = LN = 0.08-V 
Vm Vm Da P 125 P : 
From Wikipedia bi eg, ge ape 
hr hr km 3600-s S 
0.5142 
s m m 
Hence for V, = 15-knot = 15-knot x ———— Vi, = 7.72:— Vin = 0.08 x 7.72.— 
٢ 1-knot ٢ 5 5 
0.514. 
5 m m 
V, = 25-1001 = 25-knot x ———— V, = 12.86.— Vin = 0.08 x 12.86.— 
P 1-knot ٢ 5 5 
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Problem 7.64 


7.64 The aerodynamic behavior of a flying insect is to be inves- 
tigated in a wind tunnel using a ten-times scale model. If the in- 
sect flaps its wings 50 times a second when flying at 4 ft/s, 
determine the wind tunnel air speed and wing oscillation fre- 
quency required for dynamic similarity. Do you expect that this 
would be a successful or practical model for generating an easily 
measurable wing lift? If not, can you suggest a different fluid 
(e.g., water, or air at a different pressure and/or temperature) that 
would produce a better modeling? 


Given: Model of flying insect 
Find: Wind tunnel speed and wing frequency; select a better model fluid 
Solution: 


For dynamic similarity the following dimensionless groups must be the same in the insect and model (these are Reynolds number 


and Strouhal number, and can be obtained from a Buckingham II analysis) 


Vinsect insect 7 Vinbm Uinsect Linsect E Un Em 
Vair Um Vinsect Vm 
slug 4 و‎ 
From Table A.9 (68°F) Pair = 0.00234. Vair = 1.62 x 10 e— 
ft 
. ] ft Linsect 1 
The given data is Winsect تا‎ 27 Vinsect = 4— 1 = — 
Lm 10 
Hence in the wind tunnel V_ = V Linsect "m ۷ insect 4 ft x 1 ۷ 0.4 i 
m- "insect C Yinsect ^. — "l^ 1a mno v 
Lm Vair Em s 10 5 
۷ L; 
m nsect 0.4 1 
Also Wm = "insect —7— — : = 50-Hz x — x — Wm = 0.5-Hz 
Vinsect Lm 4 10 


Itis unlikely measurable wing lift can be measured at such a low wing frequency (unless the measured lift was averaged, using 


an integrator circuit). Maybe try hot air (2009F) for the model 


"Es 4 ft” 
For hot air try Vnot = 24x 10 س‎ instead of Vai = 1.62 x 10 .— 
5 5 
Vinsect Linsect | Vm Em Linsect Vhot ft 1 2.4x 10 4 
Hence = Vu = Vi . — = 4— x — x — V = 0.593-— 
Vas v MA insect E v s 10 =4 0: 5 
air hot m air 1.62x 10 
۷ L. 
m nsect 0.593 1 
Also Wn = a  = 50-Hz x x— Wm = 0.741-Hz 
Vinsect Lm 10 
5 f^ 
Hot air does not improve things much. Try modeling in wavy, = 1.08 x 10 ~-— 
S 
Vinsect insect Vm Pm Linsect Vw ft 1  108x 10 ? ft 
Hence = Vu با : د‎ = 4— x — x — Van = 0.0267.— 
Vai v m o sect i, Va; s 10 -4 zn 5 
air ٧ m air 1.62x 10 
۷ L; ۷ 
m insect m 0.0267 1 
Also سا نلا = لما‎ = W; سه‎ Drain = 50-Hz x تر دا ار‎ 7 
m insect insect ratio m . 
Vinsect Lm Vinsect 10 


This is even worse! It seems the best bet is hot (very hot) air for the wind tunnel. Alternatively, choose a much smaller wind 


tunnel model, e.g., a 2.5 X model would lead to V = 1.6 ft/s and 0, = 8 Hz 
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Problem 7.65 


Bl 
Given: Model test of tractrr-traver (ig in Standard a. 
Fo -f(A, V, ر ىعر رم‎ secale تر‎ 1; Am “O bS m? 
At Vin = 94-6 mls, Fp * LG kal 
Find: (a) Dimensiontess parameters, 
(b) Conditions for Ayna mi similarity. f 
۵ Drag ferce on prototype at Vas umh Me wind), 
(d) ouwer To prereome aen drag, 
Solution: ۵ Fp A Vv e | O mut 
3 M 32 
oct» Z | @ م٨‎ 
© T, = p^ V*A*r5 = MUE Tz "g^ v*A* حر‎ 
Mida! =0 |a=- M: ه‎ «٥ La =-1 
L: -S3adb £0 ۶۱٢-٠۰۱ 7-1 Li -Batb+ic-}-0| C= -b 
t'-b-i*0 |b*-t دواد ده‎ | bz! 
fo 
T, Eus D z CVA lA TT 
t LY ځ‎ 
Q m= ARAS imd ev moie e 
Er dynam ic SIMA pita, Muse Mave geornelr ic and Kinenaa*ac, 
Simile rit and Rem - Ka. Thea Fo ) " Fp 
E VIA ım £v P 


lbp 


For tne pro fatigas, 
22 z 
Pe = Fam هس‎ E, = Foon (SEH). U د دو و‎ 


The power ۸۸م یې‎ is 


P = Foo Vp = 246 KN, Zym , Ws 


A uJ sah ) 
E XI tk iP 
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(from Buckingham II; the first 
is the Reynolds number, the 
second the Froude number) 


—/m 
Vm = 1.16 x 10 is 


Problem 7.66 


7.66 Tests are performed on a 1:5 scale boat model. What must 
be the kinematic viscosity of the model fluid if friction and wave 
drag phenomena are to be correctly modeled? The full size boat 
will be used in a freshwater lake where the average water tempera- 


ture is 10°C. 


Given: Model of boat 
Find: Model kinematic viscosity for dynamic similarity 
Solution: 
Vib VL V. V. 
For dynamic similarity mM M M E (1) LR P (2) 
V. gL L 
Hence from Eq 2 a o E 
Vp y8&lp y lp 
3 
Vm L La L L 
٢ ٢ pa y [Pon Pen V E) 
p Ep Ep bp Lp 
3 
2 2 
-6 m 1 
From Table A.8 at 10°C vp = 13x10 .— Vy = 13x10 سا‎ B 
5 5 5 
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Problem 7.67 [4] 


Given: Mode) glacier useng 9 faeere. Assume Ite 15 Neuwtonian 
and iD“ xı as viscous. 


Bs Vy 
D =1S m H 
Hlemm | ener L سم‎ d 
1 EY | 


= 1850 m M 


l^ lab test, model jare reapptans n t < 9.6 hr. 


Find: ده‎ Develop suitable dimension less parame tes. 
(b) Estimate time when instructor wilt rA poer. 


Solution : 00 V f 2 y D ff L n=) 
(2) Mit E A L E L L L mesr-3 


@® Choose P 39,D as repeating veria bles ¡Omer د کا‎ 4 para metees 


O 7, = CORP Do = MOLE? Te = سرو هر‎ = A19 9t? 


| 
| 
M: ato =o | aso | At: ari =0 i وود‎ 
Li -3a+tbteri=0l e2-56-017-2 | (سېفئا(زښیک):‎ 76 ¿=30:b+/=-É 
b: -2£-1 20 | bet | t:-£56-)-0 be-7 
n | 
V m 
m = ox no. > we [Reyne tts fle) 
1 gD (Froude ) | a وون‎ f gD» / ey 
H i. : 
T&-— mx le inspector) 7x. 
y fy Y Lome T : 
j d zT Smau nf 


© Check | 00:0 5 Thren forms above, T) PME m 


Fire dynamic a Ta * Veg = né T چوس‎ 
" XE icu 
him Sap Ns , 92 ts 
m e)? E ze) “(e ioe * 2 aL) = f. Hx 2ک‎ = 0.4t (Tash A.1 


Ss cerit = IU )4.1( 
So i - 8.۸۷۱۷ ry ty d Lp =8.llxto. [950 m - Û. O 7 d 


From Tf, y Vm د‎ [Dm = G00xto ^ 
p tp 


The time W ٧٣٣م مق فو‎ iSc LN Tp = "PAL y Em + a 
Te - ie سه‎ De fon. [De ~ ڪا‎ 
Tm tm Vo متا‎ م٧‎ Dp Dm Fw xo? 


Thus Tp = 111 Om = llig 9.6 hr = 1010 ho (NHS days) Tp 


2 The ST rue ry m Ptappear befre The semester «nds رژ‎ 
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Problem 7.68 


7.68 An automobile is to travel through standard air at 60 mph. 
To determine the pressure distribution, a 1-scale model is to be 
tested in water. What factors must be considered to ensure kin- 
ematic similarity in the tests? Determine the water speed that 
should be used. What is the corresponding ratio of drag force be- 
tween prototype and model flows? The lowest pressure coefficient 
is C, = —1.4 at the location of the minimum static pressure on 


the surface. Estimate the minimum tunnel pressure required to 


avoid cavitation, if the onset of cavitation occurs at a cavitation 
number of 0.5. 


Given: Model of automobile 
Find: Factors for kinematic similarity; Model speed; ratio of protype and model drags; minimum pressure for no cavitation 
Solution: 
Pu VL py Vy Lb Pp Ly Hu 
For dynamic similarity AS لا‎ PE Vas Veo 
For air (Table A.9) and water (Table A.7) at 68°F 
-7 lbf- 
p, = 0.00234: قم‎ u = 379x10 7.24S 
p 3 p 2 
ft ft 
slug -5 65 
Pm = Le Hm = 2.10x 10 `- : 
ft ft 
ft 
BET 0.00234) (5) (2.10x107> ft 
Vin = 60-mph x —— ( ): 8 | T— —À Vin = 29.4. 
60-mph 1.94 1 3.79 x 10. 5 
F F 
Pm Ym "Em Pp Vp ‘Ly 
2 2 
F Pr VSL 2 2 F 
Hence و دو بپ‎ NE دس‎ , = , B -P 0270 
Fu MOS. 1.94 29.4 1 Fi 
Pmin 7 P 
For Ca=0.5 — 7 = 0.5 so we get Pmin = Pv + Dev? for the water tank 
pV 
2 
From steam tables, for water at 68°F py = 0.339-psi so 
2 2 2 
. 1 slug ft lbf -s 1-ft . 
Pmin = 0.339-psi + 7 x کو‎ x خا‎ x x | ) Pmin = 3-25psi 


Prank = 11.4psi 


5 slug-ft 7 


ft 
This is the minimum allowable pressure in the water tank; we can use it to find the required tank pressure 


Pmin 7 Ptank 1.4 2 : 
Cp sicca ^4 2 — Ptank = Pmin + EX di = Pmin + 79 V 
2 
2 2 2 
1 ft)" 7 1-ft 
Prank = 3-25 psi + 0.7 x 194998 الا ېږل‎ × PES ۽‎ 
f s)  sugft (12in 


http://librosysolucionarios.net 


[S] 


Problem 7.69 


Given: Submaring mode! (1:3 scale) to be tested wn fresh water 
unr tue tondihóas: 
(Don the surface at 20 kt (pro To fs oe) 
(2) far below the surface Ab OS kel proa type 


Fine: (a) Speed fon medel teston Surface 
(b) Spted for mode! Hst Submerged 
(C) Raho of fustracale fo model drag forte. 


Solution: dn the surface, رع ھم‎ the Froude Hen BEF y Fr at 


yg E 
Vm V 
Thus Fra = a RL er Vy = Y E 
¥4 Lo n v9 Lp Pi te 
For 1/30 scale, 


Vm = 22» [1 = 3,65 kt 


Vm = 3.65 am, 12520 0 = 193 m/s 


بح الیل د 3600 hr nn‏ 


Ven 


-ZVL _ VL 
Submerged, match the Reynolds muntber, Re Sore dio 


Thus Remm mim . Rep NEL? or Vn V UP Ym 
Ym Mo im Ve 


-3 
From Table 4.2, for seawater, $6 = 119028 and 4” 1.08 پر‎ o7 5 NS همرل‎ 
ar 20°C, Thus 


Vo =e د 0× 08ے علا‎ 0m? ے وا‎ p osi m" 
يم‎ Žao . mie 0.0285) low kg NS? S 


From Table A.I, fresh water at 20°C has Y *.100xio 6 mls, 
Farr i scale | 


Vin = OS ke, 3e „ 100x10۴ m* = /4,3 kE 


NS‏ کک کے 
Los xét m‏ * 5 


V, = پس‎ 8 NM 1851 mM Nds = 7,36 mis 
ne Are nm” 3500 $ / 


A eS AA 


1 


E 


NE a 2 Fo 
Under dynamidally siomiar bored ¡mens Fhe drag LoetFicrerits, Cp ever’ 
wil bt ¡dentical. Thus 


z 


prg 


—fe = A 
lo Vp tp ۷م‎ bm fa Vet Lm 


Fo * Fm LIS x e. 2991" = 1,13 (submerged), 27x10" (surface) 
fi qå TE pe. : 
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Problem 7.71 [3] 


7.71 A scale model of a tractor-trailer rig is tested in a wind 
tunnel. The model frontal area is A,, = 0.1 m?. When tested at 
Vin = 75 m/s in standard air, the measured drag force is Fp = 350 
N. Evaluate the drag coefficient for the model conditions given. 
Assuming that the drag coefficient is the same for model and pro- 
totype, calculate the drag force on a prototype rig at a highway 
speed of 90 km/hr. Determine the air speed at which a model 
should be tested to ensure dynamically similar results if the proto- 
type speed is 90 km/hr. Is this air speed practical? Why or why not? 


Given: Model of tractor-trailer truck 
Find: Drag coefficient; Drag on prototype; Model speed for dynamic similarity 
Solution: 


For kinematic similarity we need to ensure the geometries of model and prototype are similar, as is the incoming flow field 


Fm 
The drag coefficient is Cp = 
1 2 
For air (Table A.10) at 20°C اا 121.8 = م‎ = 1.81x 10 5 N's 
m 3 p 2 
m m 
3 2 
1 N: 
Cp = 2x350.N x — al : x — سه‎ Cp - 8 
1.21-kg 0 017 kg-m 
This is the drag coefficient for model and prototype 
2 
For the ri F = = -V 2A C with a = Tp = 100 A, = 10-12 
8 م‎ 3 Pp Vp Ap eS "Wig E p^ 
m m 
1 k km 1000m 17 s: 2 Nes 
F = x12142 x| 90.2 x x x 10-m* x 1.028 x F, = 3.89kN 
٢ hr 1km 03۹ kg.m ٢ 
Pu VaL py VL p, E, H L 
For dynamic similarity nem P PP Vm=V Sul للا لا‎ Vem 
k 1000. 1-h 10 
ME. = Vin = 2502 
hr l-km 3600-s 1 5 
For air at standard conditions, the speed of sound is c = y k-R-T 
N- kg: 
حم‎ |1.40 x 286.9. x 20+ 27) BER e۳ 
kg.K SN 5 
Vm 250 
Hence we have M = — = — = 0.729 which indicates compressibility is significant - this model speed is 
E 343 impractical (and unnecessary) 
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Problem 7.72 [4] 


Queer: e exe onec D E lea. af ك‎ Aad akon, 


Ms as ol مکی‎ or کن مکی‎ 
e کې‎ S a ieee A E وکو‎ eee 
Nast a اک وو پا‎ 
Se Sore ٢ e£ a 
Ve. QN سو و۱‎ St hers BA cora غه‎ Qe ېې‎ 


e» د‎ ETA mene: Ka ee یں‎ San Naas Sde Ade کہ‎ as 


o Wak Y Re wodd nd be anv ۹ pums 
i ENN eS os SC SEA. 


Ny = د )ولا‎ ١ AYA 


Tron Be Biran xA esce ٩ for Male and Hated y we add 
E REN Sea AER greens. 


A 
Saç (e ۱ wt) 
Ten Be عنسکه‎ cenae MS GEH codos یځ‎ us gro Les p 
Wa = wt car Suns Qe enc E 
پک پک‎ = y it = = = ی‎ 3 Fe 


څچ 


Fer 8 uo A Se sore roduss 
rt 

E ES lec 

ee ae = يی‎ ۳۶-۰ 


EN 
No 
يسر لد هد په‎ Bode and EN 
Ah Nue 


Ade ende we سه‎ Souk ‘onda, LUNAS مه‎ 
Ore Tu SUDAS Costes : Meca: Re IS nck moras | 
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Problem 3 Bl- 


Gases:  Recarmrendad Prades RR EA A 
په‎ : 

Tecta EPA £0.05 l 

O AA € CV. SS 1 

NS‏ و خا (mr‏ مده Gh won uaw e) / usu‏ فی 

Mens ^ Bao Á 

Sra Kunnd یبد‎ sen e Se ER ow o که‎ 

Vel مر‎ Wes: We SK) We 8K) Vug^s 5 &. 


FEAL e ecole rio c head modA dra Ke recommended. cetera. 
نه‎ De remo cf VAI «BIS No abcess ode, e مەكە که‎ uate. 
wee of Re con be octevued A Me Sed Gaig 


Gy همی‎ urea ceso. 
Bead ad SURE O95 x Ske ak = ONS Q“ 
Rash = تک‎ Ye = SUS A IN = Sedit = OAS 
/ AS da A 
n sat E = CONS $ Ys Ae $ 
E RON er Rare : 
HL سے ل لس‎ = Usd ها‎ cases 
E دنه‎ (Ma 
Ma hale © s\ us snio » $ SVG = aye R 


Fran cobrar as = Oo موی‎ Dh = eM 
SOC MA ZAN (X on b= ON ies sl 


We vs ad ee NEP Id. b Re eS Re & T ET 
Web = LS Qu: 
Tron Ea, Ne "s. Cy = wA TS Re > Ke کي‎ 
A ten VER YS 
UN = 


Ver carl ni, er f, he u E 
&o ADO VS 
.. quede Re E As 
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Suse. 
VA ge Some Sue. حا یک‎ Sw 1 پاک = لها‎ : "NE" sq 
5 herd هجهل‎ 
Wat odo ږې‎ = Os SA S O88 & 
T 1 
S= E = Es 0.0333 1 s5 ادد‎ 


5 SQUARE 
5 SQUARE 
3 SQUARE 


Problem 4 eq ٧ | 


Given: Power, E, yo drive a fan depends on 2, لا‎ and y. 


Condition Dorm) ۀ4‎ Cms). twlrem) 
/ 200 Oy Z400 
2 400 7 1820 


Find! Volumt loco rate at Condition 2, ir dynamic Similarity. | 


Soluchen: Steg) P f 4 : w 
z M M LS / 
SO MmLt (à) +3 يل‎ = L E @ 2, w, D 


| ر ۵ Pos‏ رس ۹م = Te‏ 


O Tn WD روه‎ 


| 
Í 
M: oti =0 la =-1 | MH: a F0 =0 | 0 
١-36 #ږم‎ 70] û = کچ -ه 2- رق‎ | £1: -Ba4¢e+3 701 ق-«ن‎ 
t! - چا‎ =D | does | +: -b-i =0 | b=- 
P A 
O PEA | ash es 
l peas DS 1z رر‎ DS 
بب‎ FL LÝ قم‎ | FQ يه ال په تل يي‎ ETT 
ONT NS Met ets ا“‎ 
که ون‎ pa /2 
Thus 77, Fla Y Dr E 27 Gree. 
For dynam Similarity, need Geomttrre aad kinema te Similarity 
d 
EE NES 
Lo D> WDS 
Thus 7 3 N nis ] 3 y 
Qe =f وه‎ A و‎ o-4 ۸ Je E GLA CM (oer = BAP Tm la | Aa 
! LOIS D 2400 Fern Non | 
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LU 
3 
a 


Problem 7.75 (In Excel) [3] 


7.75 Over a certain range of air speeds, V, the lift, Fz, produced 
by a model of a complete aircraft in a wind tunnel depends on the 
air speed, air density, p, and a characteristic length (the wing base 
chord length, c — 150 mm). The following experimental data is 
obtained for air at standard atmospheric conditions: 


V(n/s 10 15 0 25 30 35 40 45 50 
FL(N) 2.2 48 87 133 196 265 345 438 4 


Plot the lift versus speed curve. By using Excel to perform a trend- 
line analysis on this curve, generate and plot data for the lift pro- 
duced by the prototype, which has a wing base chord length of 5 m, 
over a speed range of 75 m/s to 250 m/s. 


Given: Data on model of aircraft 


Find: Plot of lift vs speed of model; also of prototype 


Solution: 


This data can be fit to 


1 
F op Cp: V Or F_=k_.V 
From the trendline, we see that 

k m= 0.0219 N/(m/s)- 


(And note that the power is 1.9954 or 2.00 to three signifcant 
figures, confirming the relation is quadratic) 


Also, k, = 1110 k m 
Hence, 


k,= 243 N/(m/s) ۷ 


N 
d. id ) 137 | 243 | 380 | 547 | 744 | 972 | 1231 | 1519 
(Trendline) 
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Lift vs Speed for an Airplane Model 


y=0.02191 
R?= 0.9999 


X Model 
= Power Curve Fit 


10 20 30 40 50 60 
V m (m/s) 


Lift vs Speed for an 
Airplane Prototype 


50 100 150 200 250 300 
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F m (N) 


F م‎ (KN) 


1000 


100 


V, (m/s) 
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100 


Power Curve Fit 


١١۱ 
HHFA 
ITLET ET 


V m (m/s) 
Lift vs Speed for an Airplane Prototype (Log-Log Plot) 


١ 
١ 
١ 
1 
١ 
١١١ ] 
١١١۱١ ] 
١١١۱١ ١ — 
١١١۱١ E 
١١١۱١ ۱١ ١ ١ | 
ILLI عا‎ NE ےد‎ 
ERR Ed f 
١١١۱١ Ed ogg 
EN ۱١ ١ ١ | 
BER | ۱١ ١ | TE 
RER 1 EE 
BER ] Ed FT o 
BEE ] OD Eh m 
LEIA ] وو ري وا‎ TE 
RER 1 4 E TIERE 
BER ١ 331 pro goi nmm 
RER NET ۱١ ١ | 
prii t ۱١ ١ | 
rtd poa bier tod 
١١١۱١ د‎ 1 MET RES 
pera NE E 
١١١۱١ E Ed T1 
EN E ۱١ ١ ١ | 
١١١۱١ ME wd pq. 7 
Aria fe ie fie کم‎ oo 
١١١۱١ MNT. ۱١ ١ | 
RER) E ۱١ ١ | 
FET سا تا‎ 4 ۱١ ١ | 
AS e 1 1 ١ 
rtd ١ | 
1 EN ١ ١ | 
DER E ES 
III ١ pora 
mit Aa pora 
prr abre 1 | ١ 
IIIT Ih, اڅ‎ ] ] 
IEEE 74 poa 
HET E.4 4 غ‎ 1 
Prae vp. 4 1 
18311 1:174 4 ] 
EMEN 1 
HETE 3 l 5 
E ٢ 1 1 
(=) 
ni e 
o H o 
۳٣ o 
اس‎ 


Lift vs Speed for an Airplane Model 
(Log-Log Plot) 


[2] 


Problem 7.76 


Given: Informañon relahag h geomedricaliy Similar model test of 
Cente Fiugal pump: ; 
Variabk Frob hase Model 


Pressure Rit Ap | , 29.8 kaa 
Volume Pow Kote A Lem min 

DLS vf: f $00 £9 im? 999 kg/[m3 
Angular Spttd w 183 wdi . 347 کامقم‎ 
Diameter D 150 mm 50 mm 


Fina : Missing values fov Ayna m ea ll, similar Cond thors, 


Solution: Apply Buckingham TT“ theorem, Assume bp = #(0,¢, co, D) 


(D ap Q 4 bad ٥ N~S Parameters 
© Choose H,L,t as fundamenta) dimensions. 

a i . l E 
© A s a f م سا‎ «۶3 Primary dimensio 
(9 Let p, And D be re ptahng variables. mesrz3 


(S) Then fm = §-3 سو‎ dimensionless pen meters result, ©) Cheek: 


T, = وس‎ «(A ول‎ ig. = nee 


dp NA aol رهس جح‎ 
L: -3a E7 =0 L=-2 JE = Ap TT = = BEAT i [jue 
i "ران‎ 
i: -b-2 =0 bz-2 
eod e Hal. 3 
T, سي د‎ (EE) Gf E- nunt 
M: A =p Ana LT 
L: -3a.tG 3 از 2-3“ 0د‎ = 2 m = < الو اوي‎ 
t: -b-! +0 &--/ wD 


l 


Thus T, = f(™m) trr this Suan. Flows Art Qtomttrica Mh Similar. 


Assume linemane Sem larity. Then tor dynamic Similarity, E Mey Te 
then Tm = Tip. 


á P 92-72 _ 

Tun mba T Fp "abo i | )همه‎ pX mm) ~% NES - 0.0743 p 

Am * 0.078 y 125 a = 0.0922 ml min Am 

rit 
Ap Ap. 2/ Di ۶ 

7 = To” = Ap, (£ (Æ y/ 2 

m EB P fo" O ) AP» ‘gm fm E) es 
bpp = Apm EUR 2 70x 25.2 k Fo, = 52.5 kh App 


پووو ص 


[This Psst neglects any on of Vicos: Hy. } 
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Wave Drag 


Fr 


Friction Drag 


5.0.E+06 1.0.E+07 1.5.E+07 


Re 


3.0E-05 5 
2.5E-05 + 
2.0E-05 + 
Cp 1.5E-05 | 
1.0E-05 - 


5.0E-06 - 


0.0E+00 


3.0E-05 4 
2.5E-05 4 
2.0E-05 4 
Cp 1.5E-05 4 
1.0E-05 + 


5.0E-06 4 


0.0E+00 


0.0.E+00 


Problem 7.77 


7.77 Tests are performed on a 1-m long ship model in a water 
tank. Results obtained (after doing some data analysis) are as 


follows: 
V (m/s) 3 6 9 12 15 8 20 
Dwave (N) 0 0.125 0.5 1.5 3 4 دد‎ 
Drriction (N) 0.1 5 0.75 1.25 2 2.75 3.25 


The assumption is that wave drag modeling is done using the 
Froude number, and friction drag by the Reynolds number. The 
full size ship will be 50 m long when built. Estimate the total drag 
when it is cruising at 15 knots, and at 20 knots, in a freshwater 


lake. 
For drag we can use Cy. = m: As a suitable scaling area for A we use L 
—pV'A 
2 P 
Model: L= 1 m 
For water p= 1000 kg/m? 
“= 1018-03  Ns/m 
The data is: 


V (m/s 


LS TST TE TEB TB [3 
Pon | ٧۴-٢ 7 


Pr © 


0.958 1.916 2.873 3.831 4.789 5.747 6.386 
| Re || 297E+06 | 5:94E+06 | 891E«06 | 1.19E+07 | 149E+07 | 1788707 | 1.98E+07 


0.00E+00 6.94E-06 1.23E-05 2.08E-05 2.67E-05 2.47E-05 2.75E-05 
2.22E-05 1.94E-05 1.85E-05 1.74E-05 1.78E-05 1.70E-05 1.63E-05 


The friction drag coefficient becomes a constant, as expected, at high Re. 
The wave drag coefficient appears to be linear with Fr, over most values 


Ship: L= 50 m 


Hence for the ship we have very high Re, and low Fr. 
From the graph we see the friction C p levels out at about 1.75 x 10? 


From the graph we see the wave C p is negligibly small 


Ems |] 9 [ 9 ] 
1.75E-05 1.75E-05 


Dew] 9 [| 9 
ID Friction (N) 1303 2316 


D Toral (N) 1303 2316 
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Problem 7.78 (In Excel) 


7.78 A centrifugal water pump running at speed œ = 750 rpm 
has the following data for flow rate Q and pressure head Ap: 


Q (m" hr) 0 100 150 200 


50 300 325 350 
Ap (kPa) 361 349 328 293 0 


145 4 59 


The pressure head Ap is a function of flow rate, Q, and speed, œ, 
and also impeller diameter, D, and water density, p. Plot the pres- 
sure head versus flow rate curve. Find the two II parameters for 
this problem, and from the above data plot one against the other. 
By using Excel to perform a trendline analysis on this latter curve, 
generate and plot data for pressure head versus flow rate for im- 
peller speeds of 500 rpm and 1000 rpm. 


Given: Data on centrifugal water pump 
Find: IT groups; plot pressure head vs flow rate for range of speeds 


Solution: 
We will use the workbook of Example 7.1, modified for the current problem 


The number of parameters is: 

The number of primary dimensions is: 
The number of repeat parameters is: 
The number of II groups is: 


38 
E 
Baas 
ou # 
Nwwu 


Enter the dimensions (M, L, t) of 

the repeating parameters, and of up to 

four other parameters (for up to four 11 groups). 

The spreadsheet will compute the exponents a, b, and c for each. 


REPEATING PARAMETERS: Choose p, g, d 


P 

[0] 

D 

II GROUPS: 

M L t 

Ap 1 -1 -2 Q 

Ih: a= -1 IL: 
b= -2 
حم‎ -2 


The following 11 groups from Example 7.1 are not used: 


M L t 
0 0 0 
Ma: a= IL 
b- 
c= 
A 
Hence II, = P ; and 27 en with IT: = f(ITD). 
0 oD 


Based on the plotted data, it looks like the relation between 11 and 112 may be parabolic 


2 

Hence Ap =a +b Q Jef 2.) 
po D 

The data is 


Lew ] 9 [ x | mw | mw | = | 3 | x | 3 | 
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X Pump Data at 750 rpm 
Pump Curve at 500 rpm 
"ana = = = Pump Curve at 1000 rpm 


Centifugal Pump Data and Trendline 


R° = 0.9981 


0.0004 0.0006 0.0008 0.0010 0.0012 0.0014 
QI(oD’) 


X Pump Data 
= Parabolic Fit 


y= -42371x” + 13.399x + 0.0582 


0.0002 


From the Trendline analysis 


a = 0.0582 
b = 13.4 
c = -42371 


2 
and Ap = po^ D? +) (+) 1 
لاله‎ aD 


Finally, data at 500 and 1000 rpm can be calculated and plotted 


rpm 


Qmm | o | 25 | s | 5 | w 150 200 250 
Ap (kPa) 159 


162 161 156 146 us | 68 | 4 | 


rpm 


gammy | o | 2 | s | 10 175 250 300 350 
Ap (kPa) 638 


ms | 6 | sa | s | su | 4 | 34 


100 150 200 250 300 350 
Q (m?Ihr) 
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50 


o= 500 


o= 1000 


0.0000 


Ap! م)‎ ه٥‎ 2) 


p (kPa) 


Problem 9 [3] 
7.79 An axial-flow pump is required to deliver 0.75 m/s of 
water at a head of 15 J/kg. The diameter of the rotor is 0.25 m, 
and it is to be driven at 500 rpm. The prototype is to be modeled on 
a small test apparatus having a 2.25 kW, 1000 rpm power supply. 
For similar performance between the prototype and the model, calcu- 
late the head, volume flow rate, and diameter of the model. 
Given: Model of water pump 
Find: Model head, flow rate and diameter 
Solution: 
2 
From Buckingham II 2 ji f 2 p and T و‎ f =, a 
w-D wD H w:D wD H 
Q Q h h P P 
Neglecting viscous effects = pe P : then - 5 —— and سل‎ = 2 : 
نا‎ Pm oy Dp Wm ‘Pm Wp ‘Dp Wy ‘Pm Wp ‘Dp 
3 3 3 
Q w.(D D D 
Hence if lu NEL ibo 2000 us =2 E (1) 
Qp “p (Dp 500 | Pp Dp 
2 2 2 
hm Ns Dm e Dm 4 Dm (2) 
then i 2 د )50| د‎ ^ 52 
hy 7 2 : 2 500 D 2 D 2 
p p 
and Pm NH Dm 1 (=) Dm = Dg 6) 
PO 3 45 (50 5 5 
٣ 8 Dp Pp 
3 
: kg m J 
We can find Pj from Pp = p-Q:h = 100p x 0.75. — x 15. بب‎ 11.25- kW 
m 5 kg 
E 1 
5 5 n 
P D P 5 
1 1 225 
From Eq3 کنا ده و وو و‎ Dg = 0.25-m x | = x D, = 0.120m 
P 5 P| 8 P 11.5 
p Dp p 
3 3 
Q D D vie : 
From Eq 1 | ue A Qin = 075 x 2x | == Q = 0.166 —— 
Q p D S 0.25 S 
p p p 
2 2 
h D D 2 
J 0.12 J 
From Eq 2 edi es SO hy = hy4 hy = 15:—x4x| — hm = 13.8— 
hp Dp P Dp kg 0.25 kg 
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Problem 7.80 


7.80 A model propeller 2 ft in diameter is tested in a wind tun- 
nel. Air approaches the propeller at 150 ft/s when it rotates at 
2000 rpm. The thrust and torque measured under these conditions 
are 25 lbf and 7.5 lbf+ft, respectively. A prototype 10 times as 
large as the model is to be built. At a dynamically similar operat- 
ing point, the approach air speed is to be 400 ft/s. Calculate the 
speed, thrust, and torque of the prototype propeller under these 
conditions, neglecting the effect of viscosity but including density. 


Given: Data on model propeller 
Find: Speed, thrust and torque on prototype 
Solution: 


There are two problems here: Determine F, = f,(D, a,V, Lp) and also T = f, (D, Q,V, up). Since is to be ignored, do not 


select it as a repeat parameter; instead select D, c, p as repeats. 

Apply the Buckingham II procedure 

O F, D 0 ۷ Hu p n = 6 parameters 
© Select primary dimensions M, L, t 


F D oV u p 


© r = 3 primary dimensions 


x 

بح 
~m‏ 
| 
E‏ 
E‏ 


® p D 0 m = r = repeat parameters 


GO Then n-m = 5 dimensionless groups will result. Setting up a dimensional equation, 


MY 1Y ML 
II, =p D'o*FF, -( ) (5) —-2M'pe 
t t 


F3 
M: a+1=0 a=-1 
Summing exponents, L: -3a+b+1=0 | b=-4 Hence 
t: - 2-0 c=-2 
II, =p"D’oV = (5) I 2 yp? 
L t) t 
M: a=0 a=0 
Summing exponents, L: -3a+b+1=0|b=-1 Hence 
t: —c-1=0 c=-1 


E 


a e M a 1 € 
II, = p*D'o ناو‎ (5) le 
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M: a+1=0 a=-1 


Summing exponents, L: -3a+b-1=0 | b=-2 Hence Il, = E 
bi aiei. خه.‎ did 
O Check using F, L, t as primary dimensions 
L Ft 
F NE T2 
= -h mth oe ha 
E c mE 
pog E 
F V u 
Then 11, = AL اس = وم‎ 
If vi ffect lected i g id 
viscous effects are neglecte اک‎ = g| —— 
k pD'e ~'\ Da 
V, V, 
For dynamic similarity a= 
Do On D,o, 
D V 1 4 
so o, = ګګ‎ @,, = (5) x ES x 2000 rpm =533rpm 
D, Vn 10 150 
F, F 
Under these conditions a = r (assuming Om = pp) 
Di o 10) 5 2 
ái SUERTE, -(2) E) x 25Ibf =1.78 x10“ lbf 
For the torque we can avoid repeating a lot of the work 
MY (1) MP 
II, = p'D'o'T = (5) DID د‎ MI 
M: a+1=0 a=-1 " 
Summing exponents, L: -—3a+b+2=0|b=-5 Hence II, = E 
(49) 
t: - 2-0 c=-2 dl 
T ۷ Hu 
Then IL = fI. TL) pDe dh 
Tf vi ffect lected 2 ٢ 
viscous effects are neglecte — 5 = — 
" "ام‎ da Do 
F d 4 1 it T5 T, 
or dynamic similari = 
d Í pD په‎ pD,@;, 
Da 10 Y i 
or T = -T,, = W x 3998 x 7.5]bf -ft = 5.33x 10" lbf - ft 
D, o, 1 2000 
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Problem 7.81 


Geen For a Pos propeller (see Problem 7.40) Be Brod Coss Fey s 
٣ = چ۴‎ DAL چ ,تا ه‎ 
Needs oe ومک‎ E ond دوا‎ ¿Nes 


e Y 
Mesure LL 1 eS 


wat نت‎ doped e pare مه‎ 
AE ناه‎ ۲ 


R= BC e.» X. eas 
Ena: Yeswe Seow AC Cor pro pers SA mide Fey , ame Q 
CURA S es , 


DAW EN WRAY B IURE UE SEC IS 


A Deos TAR as کک کف سي‎ 

n vw‏ چ ^ چ EXE v~ E‏ ې 
w = ^. T‏ 

3 u^ sor له‎ Pro D 


n= 5 EU MT aS ( [a ape , E Agde) 
sS چن‎ AMAS. poro 
WS Su Y X vs ove mem 4 
+ È ki oe yes YW 


«Lar G=cA‏ ی > ر 


V 

Emme] mood 
° CN Ns و‎ ^ rta -pt =e "نپ دد‎ = 
is GT E با‎ 


v ~ Ao Cx ar > 
Y, + Sy Ry bon or es a=-1 Y 
i S be 7 = لس ځا‎ By E TRA 
ې کې‎ ٢ N Nan = Di ې‎ v : s E 
I L V Q Aa نې - له‎ 
a ې که‎ ae 
Wa = M. vox : Qm Gar Qu. = 
= wo ak "UR = 
Ce = ود‎ nu X. O= ĉa- te~? a ey 
کټ‎ x هي له‎ So A ESS 
Tas PY G x: Or aay as پا‎ 
یې‎ = NS SS bas XN omab- he -* UN We - Y 
air ^. a Oe یو اه دیون‎ P 


xv 

eS AS ` 3) 
EIN As) 
A SEE $5) 
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Na sediog Voas ore 


5 SQUARE 
د‎ SQUARE 
5 SQUARE 


Problem 7.82 [2] 


7.82 Water drops are produced by a mechanism that it is be- 
lieved follows the pattern dy = D(W p) TF. 5 In this formula, d, is the 
drop size, D is proportional to a length scale, and We is the Weber 
number. In scaling up, if the large-scale characteristic length scale 
was increased by 10 and the large-scale velocity decreased by a 
factor of 4, how would the small- and large-scale drops differ 
from each other for the same material, for example, water? 


Given: Water drop mechanism 
Find: Difference between small and large scale drops 
Solution: 
3 
a m 
5 pv D 1 
Given relation ES DINO دو‎ " 
3 
5 
2 2 6 
Pm Pm Bye V8 
dm Dm c Dm Vm 
For dynamic similarity — = —— =|—||— where d, stands for dprototype not the original dp! 
d 3 D ۷ 
p =5 p p 
2 
p Vp ‘Dp 
Dy E 
2 6 
d 5 5 d 
Hence on = (=) x 8 ee = 0.075 
dp 10 1 dp 


The small scale droplets are 7.5% of the size of the large scale 
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Problem 7.83 


[2] 
Quer “Whe Kel enerau feo یا‎ a Suse of mest dale 
ag Se TALS SL عا‎ ‌ Ra. ې‎ O mima une 
Yet SEALER No Me Aswre $ er. 
Vado an einde of Re iS ENI NES lor Be MO fc 
Ward O E 
Fron سه‎ Coad, Cor WASK- Ares Noa, 
We KOK. KOK = eo , RES ca HE 
AE IS 1 8 
دن‎ ROO NS Ree که‎ SUN 
: We Mus aÈ RAR N pr a 
ME سي‎ = ad - n LS z EX 
Reson mo Aordorá gus, 
X سه‎ (Ses Qda um MEI We 
UR. TS = $^ 2.o0ota% وی راک‎ "VOS cae SON Aug € 


ME egeo = MAL 
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[3] 


Problem 7.84 


Gwen: Route scale moda of a tow \o Nru vw Weed 


A a wnd Sunred aA وو‎ N wis. 


Gok cessure Gradum ob Bu s M de (a= 
Na سه‎ o | ha aT freon Lal atto. rare مال مې‎ 
to Age Ow. ES - کوت‎ 


Esas y Xue Be venae مه‎ Aa Cot Ce Sn 
dy Ergress Re correa as ron چک یک‎ 
wreasured Cy, 


SN ers. 


Tre hormona ‘sno or يی‎ e Ae هم‎ 

A We -preSsure Rem c ES SS SN So 

Le v Oda da Ss Re Pressure aroda A Fe Kae 
که‎ 


ea = Ne‏ جا = با 
ONG “` WY‏ دق د 
asa Ya e NAAA ESET MESA Lon :‏ = یا ae‏ 
de CU E‏ مد کې vA‏ 
OTS tt | E‏ = = چا 
la added‏ کک Vue moar aos Suo a Quan‏ 
o Ye S Lora on Be "oem‏ 
"Wee ensured ie i e mod us aran Ra,‏ 
x EN‏ 
O = x e V Sy = > es SS Cs‏ 
Net‏ د Mesure ous A Nanda d. E : m La‏ 
a 2 s‏ بل 
هت * S = E e MÍA da 2 EN a * MO UN‏ 
PR E ey s~ Wey ROS‏ 
ام اکتا کو 
E Vs‏ ; ؟ 
Da Oe -NBSA = = Sa‏ 
حا دص 
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Problem 7.85 [8] 


Given: lumd tunnel test of fib model bus a Standard air, 


lU لع‎ mm V -Z26.£ mis Presstere gradient: 
H 200 mm Fp be. 0G N d 

~ 11.2 Nm 
L» 6t mm (measured) 2 937 


Fina: (a) Eshmate thé horizontal buoyaney correchon. 
(bh) laketak tht Corrected model drag coatticsent, 
(O Evaluate the drag frret 0n the prototype at 100 km fhr 
0n A Cedr day, 


lo lu + ton: App ly de finrfioAs 


Compteting € ua trons: Co = Fo Assume A UH 
d P * Jeva 
The ا اط‎ free will be 
VPA 
FB * p4. = PLA > موم ما‎ Eo اټ‎ 


But 4, =p, +$ Ax ٠٠ Ta 
There frre Dip x -E Land Fg ~ -Æ LA = ~Ê LwH 
Fg س‎ Ema x9 062 my, 8۰۱٣ my 0.100 m _ 0,273 N to right) 
The. corrected drag trree ys 
Fo. * Fom “Fa =(L.0% =A T73) M » 5,2۸1 
The cormoved model drag لش وه‎ at IS 
T 


Pe 2, S82 m? $ / KO a 0.4443 


Cy = —- A a 
HEIA 13 ka (26.5) otoa sz)» NS 


m 


Assume the St was conducted ar hugh enough Reynolds number 


ym, Then‏ = وو دد 


Fop = Dp Ap "امځ‎ 


2 
= Lx 0443, ۵ ) ۱ (ط‎ m, Bi IC Ue) my HE E km dopo m , Ar ] N'S 
: ma A^ jem” Zo i 


Fop = Lut KA (orate type at ro kmine) 


needed to propel the fati scade vehicle, 
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pee sistance must beonctuded Te aba the total ګګ وملپ‎ ue اا‎ 


SQUARE‏ د 


SHEEFS د‎ SQUARE 
215 5 SQUARE 


SHEET: 


Problem 7.86 [4] 


7.86 Frequently one observes a flag on a pole flapping in the 
wind. Explain why this occurs. 


Given: Flapping flag on a flagpole 
Find: Explanation of the flappinh 
Solution: 


Open-Ended Problem Statement: Frequently one observes a flag on a pole "flapping" in the wind. Explain why this occurs. What 
dimensionless parameters might characterize the phenomenon? Why? 


Discussion: The natural wind contains significant fluctuations in air speed and direction. These fluctuations tend to disturb the flag 
from an initially plane position. 


When the flag is bent or curved from the plane position, the flow nearby must follow its contour. Flow over a convex surface tends to 
be faster, and have lower pressure, than flow over a concave curved surface. The resulting pressure forces tend to exaggerate the 
curvature of the flag. The result is a seemingly random "flapping" motion of the flag. 


The rope or chain used to raise the flag may also flap in the wind. It is much more likely to exhibit a periodic motion than the flag 
itself. The rope is quite close to the flag pole, where it is influenced by any vortices shed from the pole. If the Reynolds number is 
such that periodic vortices are shed from the pole, they will tend to make the rope move with the same frequency. This accounts for 
the periodic thump of a rope or clank of a chain against the pole. 


The vortex shedding phenomenon is characterized by the Strouhal number, St = fD/V.,, where f is the vortex shedding frequency, D is 


the pole diameter, and D is the wind speed. The Strouhal number is constant at approximately 0.2 over a broad range of Reynolds 
numbers. 
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[5] Part 1/2. 


| 


Problem 7.87 


Open-Ended Problem Statement: Explore the variation in wave propagation speed given by the 
equation of Problem 7.2 for a free-surface flow of water. Find the operating depth to 
minimize the speed of capillary waves (waves with small wavelength, also called ripples). 
First assume wavelength is much smaller than water depth. Then explore the effect of depth. 
What depth do you recommend for a water table used to visualize compressible-flow wave 
phenomena? What is the effect of reducing surface tension by adding a surfactant? 


Discussion: The equation given in Problem 7.2 contains three terms. The first term contains 
surface tension and gives a speed inversely proportional to wavelength. This term will be 
important when small wavelengths are considered. 


The second term contains gravity and gives a speed proportional to wavelength. This term will be 
important when long wavelengths are considered. 


The argument of the hyperbolic tangent is proportional to water depth and inversely proportional 
to wavelength. For small wavelengths, this term should approach unity since the hyperbolic 
tangent of a large number approaches one. 


See the spreadsheet for numerical values and a plot. 
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[5] Part 2/2 


Wave Speed versus Wavelength 


Water depth, A > 50 mm 


Problem 7.87 


input Parameters: 


g= 981 mis* Acceleration of gravity | 
hz 0.01 m Liquid depth (for hyperbolic tangent calculation) | 
p= 999 kg/m? Liquid density 

o= 0.0728 Nim Surface tension 


Calculated Values: 


Wave speed, c (m/s) 


h (mz 0.004 0.005 0.01 0.05 0.1 0.5 
ioo E Wave Speed, c (mis) 

| 0.00185 1.00 0.500 0.500 0.500 0.500 0.500 0.500 

0.003 1.00 0.396 0.397 0.397 0.397 0.397 0.397 

0.005 4.00 0.313 0.345 0.315 0.315 0.315 0.315 

0.0075 1.00 0.263 0.270 0.270 0.270 0.270 0.270 

0.04 1.00 0.233 0.248 0.248 0.248 0.248 0.248 

0.025 0.987 0.167 0.227 0.238 0.239 0.239 0.239 

E 0.05 0.850 0.138 0.229 0.275 0.295 0.295 0.295 

È 0.075 0.685 0.126 0.229 0.294 0.351 0.351 0.351 

E | 0.1 0.557 0.120 0.228 0.303 0.400 0.401 0.401 

J 02 0.304 0.110 0.226 0.312 0.537 0.560 0.561 

| 0.5 0.125 0.104 0.223 0.314 0.660 0.815 0.884 

| 0.75 0.0836 0.102 0.223 0.314 0.681 0.896 1.08 

1 —— 0.0627 0.101 0.222 0.314 0.690 0.933 1.25 

2 00314 0.100 0.222 0.314 0.698 0.975 4.69 

5 00126 0.100 0.222 0.313 0.700 0.988 2.09 

7.5 0.00838 0.0994 0.222 0.313 0.700 0.989 245 

10 0.00628 0.0993 0.222 0.313 0.700 0.990 2.18 

Froude a (gh) 0.0990 0.221 0.313 0.700 0.990 221 


Wavelength, f (m) 


i 
| 
i 
| 0 0.02 004 G06 0.08 0.1 0.12 
| 
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[1] 


v = 1.62 × wo 


S 


Problem 8.1 


8.1 Standard air enters a 6-in. diameter duct. Find the volume 
flow rate at which the flow becomes turbulent. At this flow rate, esti- 
mate the entrance length required to establish fully developed flow. 


Given: Air entering duct 
Find: Flow rate for turbulence; Entrance length 
Solution: 
; ; V-D 
The governing equations are Re = —— Reg, 0 
v 
The given data is D = Gin From Table A.9 
Liaminar= 0.0616 نے‎ D or, for turbulent, Ly = 25D to 40D 
E p 
T -2 
—.D 
Hence Rec. = 2 or Q= Recrit™ v P 
crit - 4 
T 4 te 1 
Q = 2300 x — x 1.62x 10 .—x-—ft 
4 s 2 
For laminar flow Liaminar= 0-06-Re cri D Llaminar= 9-96 x 2300 x 6-in 
For turbulent flow Lmin = 25D Emin= 12.5-ft Lmax = 40D 
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Problem 2 


Guen ; cone اب‎ De bs ۳ ۹ دا‎ C esee. 


e = Wag wT OL saci AL wre re موک‎ A panes &- 
i= MOS FN. 


Tande a asas ere ys که‎ Ser xe a Cases ~ 
SS Nov Ku m G yand DUE porter J y 
Re Y MOSS A EN کی‎ ese doce Mer Y . 
GA Re Cor SON ae مد‎ re usd NE Ao 
هکلو‎ | 
WSS Gave Seo 1 Aun presse سه‎ 


Veins. Res زا‎ a= AN هم دد‎ ond. T 


Ten, 

MSN S _ sds هک ., کی‎ 2o wA 
e و و و‎ AÑ 
Mkao 
tenme E 

E 1l M ان للا‎ 
Fran ې‎ Da 

Q= yl Ke. 

E 


Mosler 


Sore f 


٨8 پو‎ = Ya Re 
دیا‎ E de, V «MOD = 300509 
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Problem 8.3 [3] 


8.3 Standard air flows in a pipe system in which diameter is de- 

creased in two stages from 1 in., to l in., to : in. Each section is 

5 ft long. As the flow rate is increased, which section will become ٩ 

turbulent first? Determine the flow rates at which one, two, then 


all three sections first become turbulent. At each of these flow 
rates, determine which sections, if any, attain fully developed 


flow. 
Given: Air entering pipe system 
Find: Flow rate for turbulence in each section; Which become fully developed 
Solution: r 
From Table A.9 v =1.62x 10 د‎ 
5 
; ; : 1, T 
The given data is L = 5-ft D, = Lin Dy = Em D3 = qe 
The critical Reynolds number is Reg; = 2300 
Writing the Reynolds number as a function of flow rate 
a VD. Q D m Q- Re-T-v-D 
v T 2V 4 
—.D 
4 
Then the flow rates for turbulence to begin in each section of pipe are 
Re... T-v.D 2 3 
crit 1 T -4 ft 1 ft 
= = 2300 x —x1.62x10 .— x —-ft = 0.0244 — 
Su 4 Y 4 s 2 "d 5 
Re env- D 3 Re emv- D 3 
t 2 ft t 3 ft 
کد ره‎ Q» = 0.0122 — ین‎ ۹۷ E Qa = 0.00610 — 
4 S 4 S 
Hence, smallest pipe becomes turbulent first, then second, then the largest. 
For the smallest pipe transitioning to turbulence (Q3) 
For pipe 3 Re4 = 2300 Liaminar = 0.06 Re3:D3 Llaminar = 2.871 Llaminar < L: Not fully developed 


or, for turbulent, Lii, = 25:D3 Lmin = 0.521 ft Lmax = 40D34 Lmax = 576 Lmax/min < E: Not fully developed 


4-Q3 

For pipes 1 and 2 Laminar = 0-06: UD; ‘Dy Llaminar = 2078 Liaminar € L: Not fully developed 
4-Q3 

Laminar = 0-06: T-v-D) 02 Laminar = 2:871t Liaminar < L: Not fully developed 
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Liaminar > L: Fully developed 
L nax = 1.67ft 
Lmax/min < L: Not fully developed 


La max = 57 


L max/min < L: Not fully developed 


Liaminar > L: Fully developed 
Lmax = 3-33ft 

Lmax/min < L: Not fully developed 
Lomax = 1.67ft 

Lmax/min < L: Not fully developed 
Lamax = 5 

Lmax/min € L: Not fully developed 


For the middle pipe transitioning to turbulence (Q2) 


For pipe 2 


or, for turbulent, 


For pipes 1 and 3 


For the large pipe transitioning to turbulence (Q1) 


Rey = 2300 Laminar = 0.06-Re5:D5 Laminar = 5.75ft 
4. 
111 
Lamin = 25D3 Lomin = 0-521 ft Lomax = 40:D3 
Rey = 2300 Laminar = 0.06-Re4-D4 Llaminar = 11.5 ft 
Lomin = 25D9 Lamin = 1.04 ft Lomax = 40 D5 
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For pipe 1 


or, for turbulent, 


For pipes 2 and 3 


[2] 


2 


-6m 
VW - 1.14x 10 E 


Problem 8.4 


8.4 For flow in circular tubes, transition to turbulence usually 
occurs around Re = 2300. Investigate the circumstances under 
which the flows of (a) standard air and (b) water at 15 become 
turbulent. On log-log graphs, plot: the average velocity, the vol- 
ume flow rate, and the mass flow rate, at which turbulence first oc- 
curs, as functions of tube diameter. 


Given: That transition to turbulence occurs at about Re = 2300 
Find: Plots of average velocity and volume and mass flow rates for turbulence for air and water 
Solution: 
kg 5 m? kg 
From Tables A.8 and A.10 Pair = 123-7 Vair 5 1.45 10 23 Py = 299 
m m 
Th i ; V-D 
e governing equations are Re = Eg Reg, 0 
Re so V 
For the average velocity V= = 
D 
5 m? m? 
2300x1.45x10 ~-— 0.0334. — 
Hence for air Wiss 2 Va يت‎ 2 
air D air D 
6 m? m^ 
2300x1.14x 10 .— 0.00262. — 
S S 
For water ۹ سا‎ ۷۷ = 
w D w D 
Rel TRE, 
For the volume flow rates Q=AV= T pv = T p? 16 ان ے‎ 
4 4 D 4 
T 5 m m 
Hence for air Qair = — x 2300 x 145.310 .اا‎ Qair = 0.0262.— x D 
S S 
T 6 m m 
For water Qw = p x 2300 x 1.14-10 .—.D Qw = 0.00206: — x D 
5 5 
Finally, the mass flow rates are obtained from volume flow rates 
kg 
Mair = Pair Qair mai, = 9.0322-—— x D 
m-s 
kg 
m, = ړ).‎ My, = 2.06-— x D 
w 7 Pw tw w d 


These results are plotted in the associated Excel workbook 
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Problem 4 [2] 


8.4 For flow in circular tubes, transition to turbulence usually 
occurs around Re = 2300. Investigate the circumstances under 
which the flows of (a) standard air and (b) water at 15°C become 
turbulent. On log-log graphs, plot: the average velocity, the vol- 
ume flow rate, and the mass flow rate, at which turbulence first oc- 
curs, as functions of tube diameter. 


Given: That transition to turbulence occurs at about Re = 2300 
Find: Plots of average velocity and volume and mass flow rates for turbulence for air and water 
Solution: 


The relations needed are 


Re rit -V TRE پچ‎ Y 


Revit = 2300 V= D 0= aqa D Mrate = p-Q 


From Tables A.8 and A.10 the data required is 


par = 123 kg/m Var 1.45E-05 m/s 
Pw= ووو‎ kg/m? vy = 1.14E-06 m/s 


Q,, (m/s) 2.06E-07 | 2.06E-06 | 2.06E-05 | 1.03E-04| 2.06E-03 | 5.15E-03 | 1.03E-02 | 1.54E-02 | 2.06E-02 
m air (kg/s) |3.22E-06|3.22E-05 |3.22E-04 1.61E-03] 3.22E-02 | 8.05E-02 | 1.61E-01 | 2.42E-01 | 3.22E-01 
m ,, (kg/s) |2.06E-04|2.06E-03 | 2.06E-02 | 1.03E-01 |2.06E+00|5.14E+00|1.03E+01|1.54E+01|2.06E+01 


Average Velocity for Turbulence in a Pipe 
1.E+04 
L. 1,E+02 
Y v 
[- “et ——— Velocity (Air) 
TAs - = = Velocity (Wat 
s Tm 1 17 elocity (Water) 
1.E-02 Le AR 
1.E-04 | 
1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 
D (m) 
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Flow Rate for Turbulence in a Pipe 


1.E+01 
— LE-01 a 
A 
"E Flow Rate (Air) PH 
» = = = Flow Rate (Water 
© 1.E-03 m (Water) 
1.E-05 صن‎ ٣ 
1.E-07 | | | 
1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 
D (m) 
Mass Flow Rate for Turbulence in a Pipe 
1.E+02 
@ 1.E+00 PE. 
o rt 
= za Mass Flow Rate (Air) 
E E = = = Mass Flow Rate (Water) 
g -2 کے‎ 
LE-04 [ 
1.E-06 
1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 
D (m) 
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Problem 8.5 [4] Part 1/2 


Given: Laminar flow in the entrance section of a pipe shown schematically in Fig. 8.1. 


Find: Sketch centerline velocity, static pressure, and wall shear stress as functions of 
distance along the pipe. Explain significant features of the plots, comparing them 
with fully developed flow. Can the Bernoulli equation be applied anywhere in the 
flow field? If so, where? Explain briefly. l 


Discussion: The centerline velocity, static pressure, and wall shear stress variations are 
sketched on the next page. Each variation sketch is aligned vertically with the 
corresponding sections of the developing pipe flow in Fig. 8.1. 


Boundary layers grow on the tube wall, reducing the velocity near the wall. The velocity 
reduction becomes more pronounced farther downstream. Consequently the centerline velocity 
must increase in the streamwise direction to carry the same mass flow rate across each section of 
the tube. (When laminar flow becomes fully developed, the centerline velocity becomes twice 
the average velocity at any cross-section.) 


Frictional effects are concentrated within the boundary layers. The boundary layers do not join 
at the tube centerline for some distance along the tube. Therefore in the center region outside the 
boundary layers flow may still be considered to behave as though it were inviscid. 


Flow outside the boundary layers is steady, frictionless, incompressible, and along a streamline. 
These are the restrictions required to apply the Bernoulli equation. Therefore the Bernoulli 
equation may be applied as a reasonable model for the actual flow outside the boundary layers. 
The Bernoulli equation predicts that pressure decreases as flow speed increases. 


After the boundary layers merge at the centerline of the channel the entire flow is affected by 
friction. Therefore it is no longer possible to apply the Bernoulli equation. 


When flow becomes fully developed the rate of change of pressure with distance becomes 
constant. In the entrance region the pressure falls more rapidly; the increased pressure gradient is 
caused by increased shear stress at the wall (larger than for fully developed flow) and by the 
developing velocity profile, which causes momentum flux to increase. 


In fully developed flow the pressure curve becomes linear; the pressure drops the same amount 
for each length along the tube. The pressure distribution curve at the end of the entrance length 
becomes asymptotic to the linear variation for fully developed flow. 


The wall shear stress initially is large, because the boundary layers are thin. The shear stress. 
decreases as the boundary layers become thicker. At the end of the entrance length the shear 
stress asymptotically approaches the constant value for fully developed flow. . 
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Problem 8.5 [4] Part 2/2: 


-2 : 
A —— ه هع‎ length ——— — — — — 4. Fully developed 


velocity profile 


VAR 
pP 
"aur 
uix 
Falla 
ja, Lud 
past 
tulit 
Erin 
mil? 
ime 
Soc 
seg 


Fig. 8.1 Flow in the entrance region of a pipe. - 


d? 388 
42-382 
Beck LS 6 


42-251 
42-382 


E 
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Problem 8 [3] 


Gren; Fully developed laminar flow between peara liel ateos, 
J 1 PEUT 


= Z, “Sj : 
1 yo x Jo bf s à 2 سپ‎ ty Ibf > 
x x ee پر‎ ^ 0.08 47. 


tr fra 


PF fF ee 


Find: la) Derive and plot equaten Try Shear Shress versies Y, 
(5) Maximum مها ناک‎ SfYess, 


solution: Prom Eq. 2.7, with a =h E (s وه‎ , 25 EI 
NE: : LL را‎ 


Ey Symmetry, the origin Hor y must te located at 


the papel centerline. Apply Newtoni سه/‎ of 
مها‎ . 


Y 
gx = 4 dy 
و34‎ ro2 i Neuston ian tired 


then 
vox TERE $x dy AL -éey)] = x 


For u >d, Po «n. Thus Uyy <0 fr Yo and Tux >0 fer y<d. 


bn thé tipper plate (a minas g surfaced, Tyx «0, so sear 
Stress acts to the right. 


ln the lower plate (a ples y رە ي را ۴2-6 ه2 ګ‎ 30 Shear 
Stress acts ta the right. 


The MAxjmum Stress عم‎ Lohen y =t hl, Thus 


دک ګر gt eda ttu‏ و و و 


2A. fa Wer] deae 


or Lmax = Cux (-4 j z aa 


ylin) 
0028 


Flot: 


Tx) 
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Problem 9 [2] 


8.9 Viscous oil flows steadily between parallel plates. The flow 
is fully developed and laminar. The pressure gradient is 1.25 
kPa/m and the channel half-width is h= 1.5 mm. Calculate the 
magnitude and direction of the wall shear stress at the upper plate 
surface. Find the volume flow rate through the channel 
( =0.50 N» s/m?). 


Given: Laminar flow between flat plates 
Find: Shear stress on upper plate; Volume flow rate per width 
Solution: 
2 2 
du h dp y 
Basic equation Tu. اح‎ u(y) = -—— — } 1 -] = (from Eq. 8.7) 
ae O à; 
2 
| -h dpf 2y)_ dp 
Then “al T dx 
1m 3 N 
At the upper surface =h Toy = —1.5-mm x ——— x 1.25 x 10 -——— Tuy = -1.88 Pa 
e j yx 1000-mm 2 yx 
m -m 
h 2 : 2 3 
The volume flow rate is Q = udA = | u-b dy = a ea dy Q = EN. 
-h 2p dx h 3-4 dx 

Q 1m à 3 N m Q 6m? 

— = —x|1.5:»mmx اسا‎ x15x 67 x — =-5.63x 10 

b 1000-mm 2 0.5:N:s b 
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Problem 8.10 
Given! laminar, fully developed flow between parallel plates 
T کد کا تو ووو سو نو‎ QT 
= A, M + 2 EN 
rbd o E pagan 
E WW LT RATA UU روو ووي‎ 
Find: (A) Shear stress on upper plote. لل‎ i 
(b) Voleme flocs rare ar anit Lote hn Wictth =é 


ga Bx 
Then 
diues da = -5* 2P و‎ = y èP 
vm SAM dy T Uy RO Uu) TUE 


At upper surface, y = hje and 


Tux = 0.005 77, “loool دوو 25 - ي‎ 
c 733 
The Lepper plate “sa negativa Y Sur FOL, Thus SOCR yx <O, Stress acts » 
to righty in TX direc ton. ie 
The volame How rabe کا‎ 
b^, biz / 
Q - 4 = fubdy = 2] ubdy = ede f wal E 
Tj 2 | 
مد‎ , ۳ 
: E zu 
2 | رت‎ where, s) =E ang U= څه چ“‎ cvy) 
/ 
Trees Qahf -4È Æ finid = - 22 مه‎ 
b e el E dan = ge e $2) = uL E 
2 == La Osm #1 7 ان‎ TON ۳د 20.9 مب‎ ٣ م‎ Js OY, 
6 2 DENS má 2 


Mote 70,29 Fow is Farm lett yb reg hk. 
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Solution: From وي مت‎ "PD 
"E ES 


Problem 8.11 [3] 


8.11 Oil is confined in a 4-in. diameter cylinder by a piston hav- 
ing a radial clearance of 0.001 in. and a length of 2 in. A steady 
force of 4500 Ibf is applied to the piston. Assume the properties of 


SAE 30 oil at 120 ۳. Estimate the rate at which oil leaks past the D 
piston. 
Given: Piston cylinder assembly 
Find: Rate of oil leak 
Solution: 
3 3 
Basic equation Q ره‎ D Q = TOLAR (from Eq. 8.6c; we assume laminar flow and 
1 12) 12-..L verify this is correct after solving) 
F 4F 
For the system Ap = py - Patm = وروا‎ 
T-D 
4 1 12-in 5 
Ap = — x 4500-lbf x | — x Ap = 358-psi 
7 4in 11 
At 120°F (about 50°C), from Fig. A.2 u = 0.06 x 0.0209. PES u = 1.25x 10 Per 
ft ft 
3 2 2 3 
1-ft lbf 144i ft 1 —5 ft i 
Q= T x 4-inx ۴٢٢ ) x 358.— x > x ne سي‎ x—— Q=1.25x 10 اب‎ Q= 0.0216. 
dm in^ 1 125x10 pes 8 : : 
Q Q 1 sf 1 1 duxi ft 
Check Re: ۷ کات‎ = V = —x125x10 —x X —— x V = 0.143-— 
A anD 7 s  .00Lin 4in 1-ft 5 
2 2 
یي‎ v26x10 sbg  y=648x10 ٢ل‎ (at120%, from Fig, A.3) 
Y 5 5 
ft . 1-ft 5 : : 
Re = 0.143.— x 0.001-in x —— x — Re = 0.0184 so flow is very much laminar 
s 12in G48.19 ^g 
The speed of the piston is approximately 
Q 4 Sf (1 12in) 4 ft 
۷ ٣ => ۷ ==x125x10 —x| — x — ۷ = 1.432x 10 -— 
4in 1ft P s 


p P 
xn A 
4 


The piston motion is negligible so our assumption of flow between parallel plates is reasonable 
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Problem 8.12 Glas. 


DEN sueo s Se c. Nce ls. £ Qaas La |‏ | دن هنتا 
DTA Sas SS SN |‏ 

tados sosa a= O.OS | 

ño \ عا‎ Vem ery | 


Pld Mos a of SFE. BO GN EY dan 
Fads hadas ca of EN مې‎ A We چ‎ 
Salton! 


pd ped sire eR AL Mow os Aradu خو صلسه لک‎ ds 
! Neus Leth حم‎ Ach SEN دد ووا‎ es MD کا‎ 
iio, ok په‎ AÑon . E [ 


"Nen. RI esM. cun Sou ni m. qd Ne e CAU ما‎ 
ې‎ : we ۹ چیه‎ 


3 چم په‎ TE Le y 


۹ NE ٢ | 
کې‎ 
پا ېا‎ ean Gi = Re C ee * «ew AS | 
e. کک‎ AS | 
ود‎ Ran ora CR. = = sS | 
tee 
Le A, eet و‎ 7 ue = RNR 
د‎ OX SAD پا‎ e 
E 
Qr X o? te 1 Nr (ey E i y MAAR MEO A 7 EX ds à 
: Napa 00x څې‎ OBS e Ne j 
Jo = 
Re ټم‎ ele SET US Q 
که که‎ * 
Ce Re = MC ui uec شش وو‎ t ula a aD) 
= | 
ES هتت ظا‎ 8 XQ eO Mo e E = Vaz | 
٢ ot = = EE x T * Se SN" Ow * ees i 
Ra» SL 5w په‎ O A 4 = DOM 
S <I E E vt 


ss " دادما ېه‎ A 
o =< 
| غ‎ m —— o لکهم‎ SA AY لول لو حون‎ Ma ys ON. vote Q 


| 
یومک‎ XM ا‎ 
Ra : X 3 
= کا‎ Meier څک 3 څې‎ umm 
We a نل‎ AJ — = CO X AD پس‎ | 
$ a. ۷و‎ "lona? 


A 
WO QN NUR NS ae 
NI OOD As 


-* 07 
= — CON MIN ex CMS On شي‎ | 


wa Ve Nero. f 
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Brand 


alo 


Eo 
e 


Problem 3 BH | 
i 


Griess Rion- ENS A ssa co, LR DAE NOS, eR S. E 
Y RENE 
a È | A اح‎ eem 
a mE E 
-P اه‎ E VERONA لس‎ 


می Ome‏ ټین 


Fmd: ولامعا‎ Aes هکم‎ 


. l G. AN | 
Sab MORS: Copa, EG pinson ur me a (ec : 


Weiss 00V V oa Sess Luo 
(es ESSEN As se o qa خڅ‎ as US که‎ 


For SAE Lowk DN ck 35S C uu". 34 x4w Wes m دو د‎ 
Cor Bue con MATO rud ^ 


as EA TO eed 


A = WS Sn HEED , nen 


EZ‏ دږ 
e ٢‏ 
T ex ads A I. — 1‏ سا ۷" 2 Qa‏ 
ES P S Ter X agag da ele‏ 
a |‏ په n-‏ 
ex‏ عاف A= ban lo € le = BAO‏ 


E = S N EE : à | 
FAS 2. & esse نیس يم | مه‎ = m 
b A د چو‎ w^ Z يي‎ odon تیه‎ ۷٧ ته‎ > 


== 0.28 (Tae RD: 96 Sas 
De e ماي‎ 


A 


4 da 
E uds ESSE "s 
ww» S DÍAS" می‎ 


fe لح«‎ O00 442360 $e uo os duke Ci ea 
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Dand 


[3] 


——— 
E 
— سم‎ 


Q 


WwW 


Problem 8.14 


8.14 A hydrostatic bearing is to support a load of 50,000 N per 
meter of length perpendicular to the diagram. The bearing is sup- 
plied with SAE 30 oil at 35°C and 700 kPa (gage) through the 
central slit. Since the oil is viscous and the gap is small, the flow 
may be considered fully developed. Calculate (a) the required 
width of the bearing pad, (b) the resulting pressure gradient, dp/dx, 
and (c) the gap height, if Q = 1 mL/min per meter of length. 


Given: Hydrostatic bearing 
Find: Required pad width; Pressure gradient; Gap height 
Solution: 


For a laminar flow (we will verify this assumption later), the pressure gradient is constap(x) = ni = x 


where p; = 700 kPa is the inlet pressure (gage) 


Hence the total force in the y direction due to pressure is F = | p dx where b is the pad width into the paper 


WwW 
: 2 b-W 
UX . 
F=b -| 1- [de F = p — 
Pi | :J Pi» 
WwW 
2 
2 F m? 50000-N 
This must be equal to the applied load F. Hence = —— W = 2x — a ×» W = 0.143m 
BB 700x10»N رتت‎ 
3 
The pressure gradient is then P- رشت = ری‎ 2x AA x ران‎ = —9.79. ME 
Ww Ww 2 0.143-m m 
— m 
2 
Q Hh (d 
The flow rate is given ےک‎ AN بل‎ (Eq. 8.6c) 
1 12۰ \ dx 
1 
3 
Hence, for h we have h = ME At 35°C, from Fig. A.2 u = 0.15 = 
T m 
dx 
1 
3 
3 -6 3 
N: 1lmL 10 - 1-mi - 
h = |-12x —À—— x 0.15 x E poe h = 1.452 x 10 ^m 
9.79 x 10%N i minm 1-mL 60-s 
2 
Check Re: E NN E v = 16x10 ^2. (at 35°C, from Fig. A.3) 
v vA vbh 1 5 
-6 3 . 
Re = à x Eur x mum x SM Re = 1.04 x 10 4 so flow is very 
16x10 2. minm 1-mL 60-s much laminar 
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Problem 8.15 (4) 
Given: Fasten ځا‎ ader device, as .Shotun. 
D=6mm LZS Ma 
غو لا‎ 45 SAEZO Dil at 20°C, 


Find: (a) Mh develop p x S MPa. (gage) 
(à) Leakage Fow rate mM terms of a. 
@) Maximam A to provide < ¿mminn move ment. 


Solution: The mass mac, be found fry m a frree balance on the piston. 


5۳ = TP Co- io Mp vo so دب‎ TE Page 


H= L, (0:006)*m > L Sx to Al A E "1 
Y TU EP Inn 4, 32, kg : M 
The baê flow rate may be Cvaluakd fer How betuucen flat plates. 


From E9. £. 6c, neg lec ting mohon Df the piston, : 


E | | 
a. 4?4p or, since ,ولځ‎ Ax L ADApD n a? Q 
4 JL Z AL | 


ل << —$———— 


The piston , moving abun are at ,عم مد‎ U, displaces ligas al rate 


rro? 2 1 a 
B = a = T (8.00%) m* 2.001 n x 7-2 = 47 x10 m3 js. : 


Then, curth مه‎ 0-42 A Sec) lar 20%, £19. 4.22, 


: 1 ` tf 
2 = 
a = eee ES r2 a 71ے‎ ×10 m3, 0.028 my — 4. ×» 3 
E 
T E 0,006. 7v) LE XO ^I 


a= 1.28۸077 m. (I. Em) 


Joy .با‎ Te a, ي ال‎ LL s H8 m 
T” l l "Boob L.28xo07* à E 


Thies V “lam يږ‎ ste 240 = 9.00855 < 1 


۷ ma 128 mm eas 


mere 2 m* xkgim s )وروی پا‎ nels . 
mi (pal OOO kg Mist 


Re = 195x193 اس و‎ $ = Silla 7 «« | 
s i as m* 
Therefore flou) I$ Surely laminar ! 


* 
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arl 
r^ 
MAYEO MAL 


Problem 8.16 [2] 


8.16 In Section 8-2 we derived the velocity profile between par- 
allel plates (Eq. 8.5) by using a differential control volume. In- 
stead, following the procedure we used in Example 5.9, derive Eq. 
8.5 by starting with the Navier-Stokes equations (Eqs. 5.27). Be 
sure to state all assumptions. 


Given: Navier-Stokes Equations 
Find: Derivation of Eq. 8.5 
Solution: 


The Navier-Stokes equations are 


4 3 
+— + =0 (5.1c) 
x Oy 7 
1 4 5 3 6 4 3 
سن ون‎ A Pa E MT (5.27a) 
p t x y 7 "Um e a z’ l 
3 


2122: S 


1 4 5 
AR 
P +u +v + w 

t X 


سه Bh‏ )لواو ووس 


The following assumptions have been applied: 


(1) Steady flow (given). 
(2) Incompressible flow; p = constant. 


(3) No flow or variation of properties in the z direction; w= 0 and 0/0z = 0 
(4) Fully developed flow, so no properties except pressure p vary in the x direction; 0/0x = 0. 


(5) See analysis below. 
(6) No body force in the x direction; g, = 0 


Assumption (1) eliminates time variations in any fluid property. Assumption (2) eliminates space variations in density. Assumption 
(3) states that there is no z component of velocity and no property variations in the z direction. All terms in the z component of the 
Navier-Stokes equation cancel. After assumption (4) is applied, the continuity equation reduces to 0v/0y = 0. Assumptions (3) and (4) 
also indicate that Ov/Oz = 0 and Ov/Ox = 0. Therefore v must be constant. Since v is zero at the solid surface, then v must be zero 
everywhere. The fact that v = 0 reduces the Navier-Stokes equations further, as indicated by (5). Hence for the y direction 


—— = pg 


Oy 


which indicates a hydrostatic variation of pressure. In the x direction, after assumption (6) we obtain 


Integrating twice 
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To evaluate the constants, c; and c», we must apply the boundary conditions. At y = 0, u = 0. Consequently, c; = 0. Aty=a,u=0. 
Hence 


1 
Bae muero 
2u Ox u 


which gives 


1 


E 
2 Ox 


۴٧٢‏ و 
2u 06 0‏ 


and finally 
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Problem 7 [S]__ 
Given: ٧۷/5۵ د۰‎ flow in narrow gap wren jaa Hel disks As shown, 


Flow rate ک/‎ A, Accelero Q^e Sali. 
Velocity profile same as tally devetopeal, 


| | 7 1 
Find: (a) Expression foc Vir), (b) dP ip in gap A 
C) Expression tor pto. 
(d) Show net frea ولا‎ holi Upper plate 15 


=.3 Jum 2 
Fx RE Br] 


Solutions Fron the de tin iha oF mean ve locity, Q ۷ه‎ 278 soV E ve 


The pressure change Corn radis can te evatuatd by analogy te 4 Fob 


يز( ه) = = & E EAR with L=lrr so‏ ووی 


In tegrak ing to find Plr), 


fen a ٥ = uA 
de = ParmP dM ae دو وځ‎ Ex tur] 2 S Cho) 
Thus ptr): Paim — a xe) سم ها‎ SPP کل‎ fen) 


The force on the upper plate که‎ d^ (por) > Porm errar 


Imtegrohng And using Gage pressceres (rote fog =- GA LLB) 


E f 
rh Bf e Ror) Errar = By TRU R? PGI رچ‎ 
e 


Ren / 
= fy TÉ, + ee. = a رس له‎ (3) dG) 7 RIRÍ - mee دېس لاي‎ e] 


| £ 
PA ASS to 4] sli] 
هه‎ 6 a x è a 
ES مته - )سه‎ -E GHA) i z 
3 ar 
57 AA ror] D 
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soc Problem 8.18 اد‎ | 
Even: Power- jaw model fer non ٥ ۸۸۵ ھم۵ ون‎ Liquid, ices kde)" : 


ndi 


Find: Show ما‎ = (GL 4p y^ nh. 1۹ 23%] Sh 


fir fully developed laminar How between p fes. 

Flot; Frofifes uf vs. o/h for n> 0-7, 1.0, aad 1.3 (U * Umax). Ctr 3E ey) to dx 
Solution Apply momentum eg cacher) 75 EIAS Qv a nu 
. = wda _ ls. 3p 

Basic equañhon: نه دو"‎ s i di Tu tral Bu dig iM 
= i : e 0 

Fx + 2 ž f gent) up á 


ASSump Hons + Horizontal Alois 
E) Heady Flou) | 
(5) Fully oeue aged ovs 


n=07 n=10 n=13 [weg ٢ EE 
yh uU wU alu 
0 1 1 1 
0.03 1.000 0.999 0,998 | 
0.06 0.999 0.996 0.993 | 
0.1 0.996 0990 0.983 
0.2 0.980 0.960 0.942 
0.3 0.946 0910 0.881 
0.4 0.892 0.840 0.802 
0.5 0.814 0,750 0.707 
0.6 0.711 0640 0595 | 
0.7 0.580 0.510 8 
0.8 0.418 0.360 0.326 
0.9 0.226 0.190 0.170 | 
1 0 0 0 نک‎ 
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Velocity Profiles 


They : 
: 
| purdy t+ E yay) Uae (pie ex Maret, = Teds =0 2r Z, = ae 
Since C tly) and P = ple), thea E» = E = constant and که‎ ac 
j (Uy 
|o. RR e ecu dE 
Thus du. E i Ao n Y 
| age ME d 
| Integrating 
/ 4g “n ATi = LA n AAT 
(e , pee Tam = (E c) AS 
Sut 670 ځه‎ y رط ٭‎ 30 ; 
E = d 8 س‎ i 
AI | 
aad | 
| 4 
(LD a at At! | 
| asf: SP) n 4 | 
| or | 
| : - A aon | 
| ES "E EA E 


[3] 


u dy 


Problem 8.19 


8.19 Using the profile of Problem 8.18, show that the flow rate 
for fully developed laminar flow of a power-law fluid between 
stationary parallel plates may be written as 


٤ Un. wi? 
2n +1 


Here w is the plate width. In such an experimental setup the 
following data on applied pressure difference Ap and flow rate Q 
were obtained: 


Ap (kPa) 10 20 30 40 50 60 70 80 90 0 
Q (L/min) 0.451 0.759 1.01 1.15 1.41 1.57 1.66 1.85 2.05 2.25 


Determine if the fluid is pseudoplastic or dilatant, and obtain an 
experimental value for n. 


Given: Laminar velocity profile of power-law fluid flow between parallel plates 
Find: Expression for flow rate; from data determine the type of fluid 
Solution: 

n+1 


The velocity profile is 


h h 
The flow rate is then Q= «| u dy or, because the flow is symmetric Q = zwf 
—h 0 
n+1 2-n+1 
y y ? 
The integral is computed as 1| = dy = E: 4 
P 2) se 2n+1 z) 
1 
= 2-n+1 
1 
Using this with the limits Q = 2w- Bsp A am” Ss Ap 
k L n+1 2-n+ k L 


The associated Excel spreadsheet shows computation of n. 
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Problem 9 


8.19 Using the profile of Problem 8.18, show that the flow rate 
for fully developed laminar flow of a power-law fluid between 
stationary parallel plates may be written as 


E ap)" 2nwh?‏ ر 
ML) (1‏ 


Here w is the plate width. In such an experimental setup the 
following data on applied pressure difference Ap and flow rate Q 
were obtained: 


Ap(kPa) 10 20 30 40 50 60 70 80 90 100 
Q (L/min) 0.451 0.759 1.01 1.15 1.41 1.57 1.66 1.85 2.05 2.25 


Determine if the fluid is pseudoplastic or dilatant, and obtain an 
experimental value for n. 


Given: Laminar velocity profile of power-law fluid flow between parallel plates 
Find: Expression for flow rate: from data determine the type of fluid 
Solution: 

The data is 


2 

Mn wh 

This must be fitted to Q = (52) — or Q= k-Ap" 
ZN + 


We can fit a power curve to the data 


Flow Rate vs Applied Pressure for a 
Non-Newtonian Fluid 
10.0 
X Data 

= Power Curve Fit 

a 

o 1.0 
y = 0.0974x°°”” 
R° = 0.997 

0.1 | 
10 Ap (kPa) 100 
Hence 1n = 7 n= W 
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Problem 0 [2] 
Gruen ' Sealed Jornal bearing rotating AS .ووی‎ 


= 26mm, ry > 28 mm F 
i . : L9 l00mm 
Gap contams off in laminar motion | 


with hacar Velocity prete. 


dy = 2800 rom and Torque, T=0.2Nm 


Find: (a) V/sco د‎ ity of off 
lb) Witt torgue increase or decrease cert time? 2ه الما‎ 


Sotution: "لوا"‎ bearing Since GAP 1s Small, and Cons ier As 
flow between Parallel plates, Apoly Meustons fase 
oF ۷۸5 teg. 


d Usury 
: e 
Basie equation: Tux = o an ae 
Assumption : Linear velocity profite 
ui p 7 
Then = — = ALO 3 
یت‎ mM AP AT 
and &; 
+ : z 
Ter, ) 27۳۳ Tyx) = LNN L fy, = PMA 
Ar 
Lovin = ArT 
l D ادد 27۳ کے‎ sh 
= سل‎ x LOO m, 0,2 ^m, min | / aoa EV GOS 
27 * 2266 rev “a .۵2 ېم3( ئ‎ im im Errar وور وور‎ 


xp = O OGIE Ns i 


Bearing 1s Sealed, so Dil temperature wit increase As Energy 
Ks دک :له‎ pated Sy friction, For jigu eS, Ae decreases AS T mereases. 
Thus torque CH! Decrease, since /۳ 18 Propor hona! te As, 


1 
| 
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Problem 8.21 [2] 


Given: Water at GOC fouss between large flat plates, 


= ^ 
dur CES exa | 
^ ou (t e S) ddr | 

2 TF $7 7 E DE IN ME ټپ‎ ae 


Fund: Fressure, gradient requires for gero net flow at a section, 


Suton: Apply momentum equation using Cv and coordinates Shown, 
TP : له‎ solz). * O63) 
Basie Epuaticns : * ag - 
Fs, + Fy = J apar 0 1 4 7 = Typ ^de 
l P cv S ek 
Assumptions : CH) Fx 20 
(2) Steady Flow 
G) Seeli = developed oot 
(5) Newtonian fluid 


Then Fe, =O. Substituting the farce terms (see page SC for details) 


gives 
op. ES da , c^t. _ / 2 
جحد د 7 وو ود و‎ 


Integrating P) ce. à 


7b evaluate the Constants ¢, and C, tve must use the boundary 

Canditiens, At g-0, کا‎ —D,50 € = Zu. At 436, 40,50 
Orb +b -س‎ or t, "B لا مر-‎ 

. Thus he > 

Be (ot ty) #005 - 0)‏ هدس 


To find the FIA Mate, we integ rete 


2 3 CL 
à. يلعد‎ = = { [1,3 lye-by+ CR. 1) j ty = p -$ 
ud cdm ee from TAbje A.V, LE | 
2P tU ,ہے‎ 03g 63 ٥ oy 2742.6 N [mtm 2p 
^ e ^0-003)m*- En 
Thus pressure must decrease in x ٤6۴ nin for gem net flowrate, TTT 
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Problem 8.22 [2] 


8.22 Consider fully developed laminar flow between infinite 
parallel plates separated by gap width 0 = 10 mm. The upper plate 
moves to the right with speed U2 = 0.5 m/s; the lower plate moves 
to the left with speed U, = 0.25 m/s. The pressure gradient in the 
direction of flow is zero. Develop an expression for the velocity 
distribution in the gap. Find the volume flow rate per unit depth 
passing a given cross-section. 


Given: Laminar flow between moving plates [+ 4 ox E (2 1 dx dz 
- 
Find: Expression for velocity; Volume flow rate per depth  —— |. | | | | | [^ 
ap dlrs al P o! OP idx], a- 
Solution: [p+ 5 + -5 dy د + »[ — اي‎ ( 2 1 dy dz 
l اس‎ Y 
Using the analysis of Section 8-2, the sum of forces in the x direction is teeta 
0 
volume حا‎ "a dy Se x dz 
d d dx dx 
RUE به‎ T ae -b-dx +] p P us pie -b-dy = 0 
dy 2 dy 2 ox 2 ox 2 
dr d du 
Simplifying = = 0 or م‎ = 0 
y dy 
Integrating twice U = وې‎ + C2 
U4 * U2 
Boundary conditions: u(0) = -U4 Cy 2 -U4 u(y = d) = Up cy = An 
Hence u(y) = (U1 + U3)2 -U4 u(y) = 75-y - 0.25 (u in m/s, y in m) 
d 
The volume flow rate is Q = | udA = >| u dy Q= >| [Iz واي‎ -u| dx 
: 3 
m 
U5-U = 
2 1 1 1 
Q= E وا‎ u 49a" a ee Q = 0.00125 - 
b 1000-mm 2 5 m 
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[3] 


Cyy + C4‏ = رلا 


EU CES 3 


Problem 8.23 


823 Two immiscible fluids are contained between infinite paral- 
lel plates. The plates are separated by distance 2h, and the two 
fluid layers are of equal thickness A; the dynamic viscosity of the 
upper fluid is three times that of the lower fluid. If the lower plate 
is stationary and the upper plate moves at constant speed 
U = 20 ft/s, what is the velocity at the interface? Assume laminar 
flows, and that the pressure gradient in the direction of flow is 


Zero. 
Given: Laminar flow of two fluids between plates [z + d ( t )] dx dz 
xtv 
. — 
Find: Velocity at the interface > 
Pda 5 | op 
Solution: [+ $2] =n Mec 
tia LL 
Using the analysis of Section 8-2, the sum of forces in the x direction is psg "m Ñ 
Or dy E 
volume [Tx + a ES] dx dz 
d dx 
PET Ld TO b-dx +] p P y2 p* له لل‎ =0 
Oy ox 2 
2 
Simplifying AT - EP - Or اي‎ =0 
dy dx d 


Applying this to fluid 1 (lower fluid) and fluid 2 (upper fluid), integrating twice yields uy = Cy C5 


y=0 u=0 y=h uy = U> y = 2h uy =U 


We need four BCs. Three are obvious 


du4 du; 
y H1 dy H2 dy 
Using these four BCs 0=c cph + co = cyhtc4 U = c32: + C4 
Hence Cy = 0 
From the 2nd and 3rd equations cyh-U=-cgh and p4r0 = Hac 
1 U 
Hence ch U = -c9-h = —-—-he C= 
1 3 1 1 
H2 M 
h-| 1+ ا‎ — 
H2 
Hence for fluid 1 (we do not need to complete the analysis for fluid 2) u = 0 y 
H1 
h : t =) 
Ha 
ft 
20-— ; 
: : 5 t 
Evaluating this at y = h, where u = Uinterface — interface = eJ Uinterface = e 
1+ 5) 
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Problem 8.24 [3] 


8.24 Two immiscible fluids are contained between infinite par- 
allel plates. The plates are separated by distance 2h, and the two 
fluid layers are of equal thickness A = 2.5 mm. The dynamic vis- 
cosity of the upper fluid is twice that of the lower fluid, which is 
Mower = 0.5 N + s/m?. If the plates are stationary and the applied 
pressure gradient is — 1000 N/m?/m, find the velocity at the inter- 
face. What is the maximum velocity of the flow? Plot the velocity 


distribution. 
Given: Properties of two fluids flowing between parallel plates; applied pressure gradient 
Find: Velocity at the interface; maximum velocity; plot velocity distribution 
Solution: 
P 
Given data k- Y = 1000.22 h = 2.5-mm 
dx m 
N:s N:s 
m m 
(Lower fluid is fluid 1; upper is fluid 2) 
Following the analysis of Section 8-2, analyse the forces on a differential CV of either fluid 
[5 + “u UE j dx dz 

The net force is zero for steady flow, so BL 


essc د‎ 


aP (_ dx] qv de ul | aP (dx) ]ay de 
[» += ٢ $1 dy di * س‎ [» + Di J dz 
| 


d dx Differential دس لس‎ 
T+ و و‎ T- ae -dx-dz +| p M p ans -dy-dz = 0 control A 
dy 2 dy 2 dx 2 dx 2 volume [oa + ECG] ar de 
dr dp d 
Simplifying ےک = س‎ =k so for each fluid u—u =k 
dy dx dy, 


Applying this to fluid 1 (lower fluid) and fluid 2 (upper fluid), integrating twice yields 


u i y 4c y+c u i y +e y+c 
1-75. T 2 DA : 4 
2-0 2۰2 3 


For convenience the origin of coordinates is placed at the centerline 


We need four BCs. Three are obvious y=-—h uy=0 (1) 
y=0 uy = Uy (2) 
yd وه‎ = 0 (3) 


The fourth BC comes from the fact that the stress at the interface generated by each fluid is the same 


du4 du» 
=0 .—— = a 4 
y H1 zm H2 » (4) 
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k 
da au sgir 


€) = C4 


k 
0= و‎ + Cy'h + °4 


2-0 
چو = اب او‎ 
EE e, (a) 
3 H2 + p ۹ 245 (hy +H) 
kh _ EE (H2 - m) 
i by + M4 27 x "Y oen) 


Using these four BCs 


Hence, after some algebra 


The velocity distributions are then 


xol ie (afa) 
uy = 2 > + y-h (12 +1) 


Evaluating either velocity at y = 0, gives the velocity at the interface 


3m 


Uinterface = 4-17 x 10 = 


-3m 
Umax = 4.34 x 10 m 
S 
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kh 


Uinterface + 7 
à Mo + Mg 


The plots of these velocity distributions are shown in the associated Excel workbook, as is the determination of the maximum 


velocity. 


From Excel 


Problem 4 31 


8.24 Two immiscible fluids are contained between infinite par- 
allel plates. The plates are separated by distance 2h, and the two 
fluid layers are of equal thickness h = 2.5 mm. The dynamic vis- 
cosity of the upper fluid is twice that of the lower fluid, which is 
Hower = 0.5 N * s/m?. If the plates are stationary and the applied 
pressure gradient is — 1000 N/m?/m, find the velocity at the inter- 
face. What is the maximum velocity of the flow? Plot the velocity 


distribution. 
Given: Properties of two fluids flowing between parallel plates: applied pressure gradient 
Find: Velocity at the interface; maximum velocity: plot velocity distribution 
Solution: 
The data is 

k= -1000 Pa/m 

h = 25 mm 

u = 0.5 N.s/m? 

W = 1.0 N.s/m? 


The velocity distribution is 


k |2 (m-m)| xa? 2 اړو با‎ kh 
kx + = ر‎ = y Ey 
24 بر کا‎ Hot hy 2-4) اوي تا‎ Bothy 
u, X 10` (m/s)|u? x 10° (m/s The lower fluid has the highest velocity 
We can use Solver to find the maximum 


0.979 NA (Or we could differentiate to find the maximum) 
SITO 
-0.417 
NA 


Velocity Distribution Between Parallel Plates 
2.5 
2.0 4 
1.5 4 
E 1.0 4 = = = Lower Velocity 
= : : 4 Upper Velocity u x10? (mis) 
j چ‎ i 
-0.5 010 1.0 2.0 3.0 4.0 H 5.0 
-1.0 - : ja 
-1.5 4 MT did 
-2.0 - wee” 
2 ده ل‎ 
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[2] 


Problem 8.25 


8.25 The dimensionless velocity profile for fully developed 
laminar flow between infinite parallel plates with the upper plate 
moving at constant speed U is shown in Fig. 8.6. Find the pressure 
gradient Op/Ox at which (a) the upper plate and (b) the lower plate 
experience zero shear stress, in terms of U, a, and j. Plot the di- 
mensionless velocity profiles for these cases. 


Given: Velocity profile between parallel plates 

Find: Pressure gradients for zero stress at upper/lower plates; plot 
s dp 

Solution: 3° 


1.0 


cz 


Fig. 8.6 Dimensionless velocity profile for fully developed laminar flow between infinite 


parallel plates: upper plate moving with constant speed, U. 


2 2 
From Eq. 8.8, the velocity distribution is u= Uy ES E MP 2, | ¥ 
a 2-4 \ ax a a 
du U = 8 
The shear stress is Tu = He =p + pl 2.3. 
y dy a 2 (8x a 
(a) For tyx=0aty=a ej a 
a 2 Ox 
2 2 
The velocity distribution is then u= Uy a SUELE 
a 2p 2 a a 
a 
U ag 
(b) Forz,-0aty-0 OSs 
m E a 2 axe 


The velocity distribution is then 


The velocity distributions are plotted in the associated Excel workbook 
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Problem 5 2] 


8.25 The dimensionless velocity profile for fully developed 
laminar flow between infinite parallel plates with the upper plate 
moving at constant speed U is shown in Fig. 8.6. Find the pressure 
gradient Op/Ox at which (a) the upper plate and (b) the lower plate 
experience zero shear stress, in terms of U, a, and x. Plot the di- 
mensionless velocity profiles for these cases. 


Given: Velocity profile between parallel plates 

Find: Pressure gradients for zero stress at upper/lower plates; plot 
0: 0 

Solution: 3>0 


1.0 


—U 


0 1.0 2.0 3.0 


aj= 


Fig. 8.6 Dimensionless velocity profile for fully developed laminar flow between infinite 
parallel plates: upper plate moving with constant speed, U. 


(a) For zero shear stress at upper plate 


(b) For zero shear stress at lower plate = = B 


0.0 | 0.000 | 0.000 | Zero-Stress Velocity Distributions 
boe 


Zero Stress Upper Plate ږې‎ 


= = = Zero Stress Lower Plate دې‎ ” 


ګِ 
> | | 0360 | 0.840 | 0.6 | 
| 0.640 | 0.960 | 0.8 | 
| 0.810 | 0.990 | 0.9 | 


0.00 0.25 0.50 0.75 1.00 
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Problem 8.26 [2] 


8.26 The record-read head for a computer disk-drive memory 
storage system rides above the spinning disk on a very thin film of 
air (the film thickness is 0.25 jum). The head location is 25 mm 
from the disk centerline: the disk spins at 8500 rpm. The record- 
read head is 5 mm square. For standard air in the gap between the 
head and disk, determine (a) the Reynolds number of the flow, 
(b) the viscous shear stress, and (c) the power required to over- 
come viscous shear. 


Given: Computer disk drive 
Find: Flow Reynolds number; Shear stress; Power required 
Solution: 


For a distance R from the center of a disk spinning at speed 


1 2-T- 1-mi 
۷ = Rw V = 25-mmx HER رز‎ 8500-rpm x cn = V= 22.3.3 
1000-mm rev 60-s 5 
Va Va 5 m? 
The gap Reynolds number is Re - P = س‎ v 2145x10 .— from Table A.10 at 159C 
1 v 5 
Re = 223. x 0.25 x 10 mx ——=5 Re = 0.384 
R 1.45 x 10 "m 
The flow is definitely laminar 
5-7۰ 
The shear stress is then T= ye = TR p = 1.79 x 10 او‎ from Table A.10 at 15%C 
dy a 2 
m 
-5N: 1 
T = 179x 10 — x 22.3. x چو وچ‎ + = 1.60-kPa 
m ۶ 0.25x 10 -m 
The power required is P=T-w where torque Tis given by T="T-A-R with A = Gia A=2.5x n ^u 
N _ 1 2-4: 1-mi 
P=TARW P= 1600 x 2.5 x 10 A 7 DD P = 0.890 W 


m 1000-mm rev 60-s 
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e Problem 8.27 [2] 


Enea: Svea d. SS OOV LoS Ne em Mes TN S S © 
Saus ته‎ ug de Cat P P nda 


ESCAS Poe L Erang سه‎ SAO) AS 
b= RSS Coy Sle) 
Taa Migas See a کې‎ Ge SEIS NAA 
: و‎ 25 A A Dem ' 
ټپ کله‎ . | 
بب‎ Reese SUSE 6ه‎ (Oy - SL 


| Wwe Rene غه‎ : oy ls 
E E 2 
E سو‎ ES snd 
$ ra = ee NS 2" a eN 
A e. xl 
amd: x 
E . o =% کو‎ 
e a وسو‎ » AOS Ww |, loo, 2. 
e on د اد کې‎ 
i -^ 
سل‎ eo EN e N 
| 
E Sac ES SACS) x LAN E ES ۳ 
U/U max y/h Velocity Profile | 
0 0 
0.0396 0.02 1 
0.098 0.05 | 
0.190 0.1 | 08 
0.360 0.2 
0.510 0.3 | 06 
0.640 0.4 | yh 
0.750 0.5 0.4 
0.840 0.6 
0.910 0.7 a 
0.950 0.8 l 
0.990 0.9 1 | 
: 1.0 | | 
UU max 
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A 


S8 S yas. gasne dad dg,‏ چا = s as (ES 5 NY Sida‏ ې 


A COSA Va جخ‎ ne CX cote, y Sa 
¿Son | Flan is Su dador, هه‎ seul همه‎ USD. 


Problem 8.28 


dex» an لدد‎ surfaca . NESS M. 
We Mya. Mags «S CONSO. - 
Fido. Are e Nec vec x Ua of o sulo 
da ses 


ووه د په د neS‏ وم sen"‏ ی , شصا مل Goes: SVP‏ 


Sexes oO‏ اچ We‏ ام کا E‏ د نه 
oh.‏ کی eee‏ 


ode, Ld pie 


e 8 QV حم‎ Ne 


© ADU " Eo (as Sie eee: 


A x & Sus 
AURA Se E " 
Font 7 ځا ` لا‎ a: S 
هدس‎ DOWN g Mas > S 1 


dk‏ ېښن دیا چیه ٢ and T‏ جي | sa Soe‏ شا 
وه R G» vo A ek XK ra wn AA woe‏ 
وڅد 


ot 


E a 


: Ye- Snte 
as vw SE S ae M. anA 


Tiaria s 
S SS aia dus 
WL we Qo $c "e and AS 


تو اوي 


SY 
el 


afha = buius ې هخچ‎ bla ERN 


alas 0 eg oem 


[2] 


Tmax = 8 


2 ٩ 


9 T 
3 
mm 
Q 22173 
٧ mm 
v = مک رد‎ 
8 
Re = 0.163 


Problem 8.29 


8.29 The velocity distribution for flow of a thin viscous film y 
down an inclined plane surface was developed in Example 5.9. 
Consider a film 7 mm thick, of liquid with SG = 1.2 and dynamic / 
viscosity of 1.60 N» s/m?. Derive an expression for the shear stress اغ‎ n 
distribution within the film. Calculate the maximum shear stress l 
within the film and indicate its direction. Evaluate the volume 
flow rate in the film, in mm/s per millimeter of surface width. 
Calculate the film Reynolds number based on average velocity. 


Given: Velocity distribution on incline 
Find: Expression for shear stress; Maximum shear; volume flow rate/mm width; Reynolds number 
Solution: ; 
From Example 5.9 u(y) = esso |. = 3 
1 
du : 
For the shear stress T= i = p:gsin(9)-(h — y) 
y 
tis a maximum at y = 0 Tmax = £f £sin().h = SG:pypo:gsin(0).h 
k m "d 
Tmax = 12* 10005 x 3.81.— x sin(15-deg) x 0.007.m x TER 
m S 
This stress is in the x direction on the wall 
h 
The flow rate is i -g-sin(@) E 
Q = uaa cv u(y) dy = w- LA د‎ E dy 
0 u 2 
0 
3 
: all 
1 k N- - 
Toler r ean deg e107 A مه‎ 4. 
w 3 3 2 1.60-N-s kg-m m 
m 5 
3 
mm 
The average velocity is V= Q = E, V = 217: Sy > 
A wh mm 7mm 
The gap Reynolds number is Re = pron 
u 
k mm m 1-m 2 
Re = 12x 10002 x 31-25. x 7-mm لل‎ x | — = 
3 5 1.60-N-s \1000-mm 


m 
The flow is definitely laminar 
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Problem 8.30 


8.30 Two immiscible fluids of equal density are flowing down a 


2-17 = وا 


surface inclined at a 30° angle. The two fluid layers are of equal 
thickness h = 2.5 mm; the kinematic viscosity of the upper fluid is 
twice that of the lower fluid, which is Viower = 2 X 107^ m/s. 
Find the velocity at the interface and the velocity at the free sur- 
face. Plot the velocity distribution. 


Given: Data on flow of liquids down an incline 
Find: Velocity at interface; velocity at free surface; plot 
Solution: 
2 
: -4m 
Given data h = 2.5-mm 0 = 30-deg vy = 2x10 .— 
5 


(The lower fluid is designated fluid 1, the upper fluid 2) 


From Example 5.9 (or Exanple 8.3 with g replaced with gsin0), a free body analysis leads to (for either fluid) 


COSO) 
dy H 


Applying this to fluid 1 (lower fluid) and fluid 2 (upper fluid), integrating twice yields 


p:gsin(0) 2 p:gsin(0) 2 
Y = ——— —— کو دیس‎ Uu) = —— — —.y *CqytC4 
We need four BCs. Two are obvious y=0 uy =0 )1( 
y=h uy = Up (2) 


The third BC comes from the fact that there is no shear stress at the free surface 


du, 


The fourth BC comes from the fact that the stress at the interface generated by each fluid is the same 


du4 du, 
=h ا‎ (4) 
y H1 dy H2 dy 
Using these four BCs c) = 0 
۷ 2 mE ch ER C ES _ ,2 + coh + C4 
2-17 2-9 


—p-g-sin(®)-2-h + ٨و ې‎ = 0 


—p-g-sin(®)-h + p4-cy = —p-g-sin(9)-h + یو‎ 
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Cy = 0 


Ca = 3-p-g-sin(8)-h - 
7 202 


-g-si Mp 
ay = ESO | 2 (4278) 2 
2۰2 H1 


-sin(0 2-1 
2-1 Vy 


m 
Uinterface 7 dis 


m 
Ufreesurface 7 020877 


(3v2 + vi) 


2-p-g-sin(@)-h 
ل = نا‎ 


07 


Hence, after some algebra 


2-p-g-sin(@)-h 
Q3 = ——— — 


H2 


" pesao) 


244 4yh- y) 


The velocity distributions are then u 


Rewriting in terms of v and v» (p is constant and equal for both fluids) 


z E350) (ay 1 - y) 


(Note that these result in the same expression if v, = v», i.e., if we have one fluid) 


Evaluating either velocity at y = h, gives the velocity at the interface 


3-g-h--sin(@) 
2-77 


Uinterface 7 


Evaluating u» at y = 2h gives the velocity at the free surface 


= g-h”-sin(0)- 
2-011 


Ufreesurface 


The velocity distributions are plotted in the associated Excel workbook 
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Problem 8.30 Bl 


8.30 Two immiscible fluids of equal density are flowing down a 
surface inclined at a 30” angle. The two fluid layers are of equal 
thickness A = 2.5 mm; the kinematic viscosity of the upper fluid is 
twice that of the lower fluid, which is vVjower = 2 X 10 m?/s. 
Find the velocity at the interface and the velocity at the free sur- 
face. Plot the velocity distribution. 


Given: Data on flow of liquids down an incline 
Find: Velocity at interface; velocity at free surface; plot 
Solution: 

h- 25 mm 


0- 30 deg 
v, = 2.00E-04 56 
= 4.00E-04 m/s 


< 
N 
١ 


m/s) m/s) 
pl 
| 
|| 
| 
| | 
| لاډ‎ 
D 
| 
NEN 
= 


Lower Velocity a 


3.0 4 = = = Upper Velocity P 


0.0 1 1 T T T 1 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 
u (m/s) 
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Problem 8.31 [3] 


8.31 Consider fully developed flow between parallel plates with 
the upper plate moving at U = 5 11/5: the spacing between the 
plates is a = 0.1 in. Determine the flow rate per unit depth for the 
case of zero pressure gradient. If the fluid is air, evaluate the shear 
stress on the lower plate and plot the shear stress distribution 
across the channel for the zero pressure gradient case. Will the 
flow rate increase or decrease if the pressure gradient is adverse? 
Determine the pressure gradient that will give zero shear stress at 
y = 0.25a. Plot the shear stress distribution across the channel for 
the latter case. 


Given: Flow between parallel plates 
Find: Shear stress on lower plate; Plot shear stress; Flow rate for pressure gradient; Pressure gradient for zero shear; Plot 
Solution: 6 a 
From Section 8-2 u(y) = uy, $ a dp الا‎ Y 
a 2-4 dx|\a a 3 
ft 
a a == 
: 1 ft 0.1 
For dp/dx = 0 wey 8 al u(y) dy = w- U. dy = ve Q = = x 5— x — -ft Q= 0.0208 —— 
a 1 0 a 2 2 s 12 ft 
0 
For the shear stress T= سو‎ ٣ when dp/dx = 0 p = 3.79 x10 pln (Table A.9) 
y a ft 
The shear stress is constant - no need to plot! 
2 
- 7 lbf- ft 12 1-ft = 
T = 3.79x 10 nus x 5.—x x T = 1.58~x 10 6 psi 
fi? s 0.1-ft 12-in 
Q will decrease if dp/dx > 0; it will increase if dp/dx < 0. 
For non- zero dp/dx: T= p = WU de ل‎ 
dy a dx a 2 
U dp ( 1 z) U adp 
At y = 0.25a, we get T(y = 0.25-a) = w—+a—-} —-—] = w— - — — 
d ې‎ 0 a e 
Ibf 
2 d ; 
Hence this stress is zero when 9p = ql ced = 4x 3.79 x 10. A bes x pt x ER - 0.109. = 7.58 x 10 4 Ru 
dx 2 s \0.1-ft ft ft 
a ft 
0.17 
0.0757 
2 0.057 
> 
0.0 
-1x10 + 0 pao ^ 240 4 3d0 ^ 
Shear Stress (Ibf/ft3) 
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Problem 8.32 [3] 


8.32 Water at 15°C flows between parallel plates with gap width 
b=2.5mm. The upper plate moves with speed U = 0.25 m/s in 
the positive x direction. The pressure gradient is 00/01 = 
—175 Pa/m. Locate the point of maximum velocity and determine 
its magnitude (let y = O at the bottom plate). Determine the vol- 
ume of flow that passes a given cross-section (x = constant) in 10 
s. Plot the velocity and shear stress distributions. 


Given: Flow between parallel plates 
Find: Location and magnitude of maximum velocity; Volume flow in 10 s; Plot velocity and shear stress 
Solution: , > 
From Section 8-2 u(y) = Uy j b dp y) y 
b 2:p dx | Vb b 


2 
For Umax set du/dx = 0 m = 0 = Dum S - 2 ۳ (ط- رن‎ 


dy 2-1 dx p a 2-1 dx 
Hence U = Umax at y= BL MP From Table A.8 at 15%C w= 1.14x 10 خي‎ 
2 dp 2 
b.— m 
dx 
0.0025-m 5 m m 3 
= -1.14x 10 .——-x0.25.— x ———— x | — y=190x10 -m y = 1.90-mm 
2 s  0.0025-m 175-N 
m 
2 2 
Hence Umax ^ Hy + BREL کے‎ with y = 1.90 mm 
b 2-4 dx |\b b 
m 1.90 1 2 m 175-N 1.90 x 1.90 m 
Umax = 0.25:— x ES) + = x (0.0025-m) x oe ee | m - m Umax ^ 0.278— 
5 2.5 2 114:10 a i 2.5 2.5 5 
b : 2 2 3 
8 U b dp y U-b dp 
۷هو |-ګ‎ par x) -2 وچو ځا‎ ee ae 
0 b  2q dx b 2 12- dx 
Q 1 m 1 3 To 17-٧۷ Q 4 "d 
— = — x 0.25-— x 0.0025-m - — x (0.0025-m) x A و‎ x|- : —=512x10 س‎ 
w 2 i B 1.14x 10 Ns m w à 
Q 4m 3 2 3 m 
Flow = —-At = 52x10  — x 10:s Flow = 5.12x10 m^ =5.12x10 ~ — 
w 5 m 
u b? aply du U bd 
The velocity profile is  — = لد‎ Ep ped For the shear stress T = س‎ = w+ ste pl خا لیا‎ 
U b 2--U dx |\b b dy b 2 dx b 


The graphs on the next page can be plotted in Excel 
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0.47 


0.27 


0 0.2 0.4 0.6 0.8 1 1.2 


u/U 


- 0.2 -0.1 0 0.1 0.2 0.3 0.4 


Shear Stress (Pa) 
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y/b 
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ae o2 be pd 2 EON يچ غه‎ vM 2 eA 
= = es E Le A Em با ي‎ SAY = وروح‎ EN ue 


Problem 8.33 [4] Part m 


e TH ۹ e‏ و ج XA ve M‏ د وک سیا 
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US d‏ دي وناي 
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Wa i 
دب وي‎ eq PALACES : alt = zoo Su ES CS 
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WS 
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E 
= 
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Problem 83 [4] Part 22 


No Gaa Ro Seison of ao Sear د کو‎ Ro 


O= POS Lo EAE DN کا \ يا‎ 
ارحټه تي‎ S and ae مسر‎ 
: * : : SEN | 
pur eO - NOR e NO WS 2 4^ b: S 
Im w EN Y, 


we 


` E a 
CEAN (Ada *X دوه نس‎ o 


Fac Vous cosa cus کټ‎ oS. Aa = وهو یا یه‎ and 


BIS لو‎ 
(c 
A 
+ 
Le 
V Te 


e Neos Axess 1 postre C EDD Soo 
Ma = OSA > Rosa reses aks CN حا‎ sue وه‎ 
daxan on a eos? wre A ras. 


Ses es: اسک‎ aaa زا‎ BALES ene 
Wo C ES د‎ owe NS غه‎ S سکیا‎ 
a هت ِكَهعه‎ o Oo SNAM A eer Co. 


From Excel, the plots are 


Vatocity Distribution - No Flow Stress Distribution - No Fiow 


27 


0754 
E 


yia 
yla 


-0,56 


tn (Pa) 


Velocity Distribution - u(y/2=0.5) = 2U Stress Distribution - u(y/a = 0,5)  2U 


1.06 | 


yia 


1 7 - d 
25 0,10 -0.05 6,00 0.05 وو‎ 6.15 
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Problem 8.34 [4] 


Guess A os pros Ne. Cae CK E Noe که دم‎ 


TEEN faros XN 


اد رې 
be,‏ 3 چا ERG A‏ 


Finds ad Xe Gas cot. Ce ay CUERO 
که‎ dhear dress C Ao. ON SR ia M 
A e XGA, CALA cds e ~pressus odor Ê oS 
EN Presisie. و ده‎ hs Bere ته‎ erp کا‎ wre = ه‎ SN 
NA 


WD, Ou. 
O 


VS = Barts OF Linn 


e. M ولو‎ : SN e CN 
Sp! 1 تا‎ MR > 
= NEP " Sl د‎ = A Ze Used = 2:50 wo ide & 
S eA Dret \G R QR PR ENC په یا‎ Meg nt دا‎ O puc A 
. | S 2 u oS HB 
IANS RS وڅ‎ A = QUON تې‎ 
po d AM نه‎ C SN امو‎ SUME IN SML NI 


him S حمه‎ Axess vs nta doje Sak Conse \ oo) 


CL aa |‏ مه Ea, 4 Bey Wace A C A. E] TEES‏ پا ua‏ بت 
سن ت = Far We oe e No.‏ 


TEES El= aS - eA‏ حر = دحي 


ES‏ 4 . پد 
SE SE‏ اا وغ 
a = we E NN ae Lan 8^ v PUR‏ 
: 1 دد زو د Vue Ras‏ 
pU CP Years A " ¿ARE e Ao o rá 3. es‏ 
ES SET E 2.5 Ne FY AD a‏ 


ES ORL A EN ( 3 0.5) 


US szo = = OS ce 
Larue C. 
pide: =o = CNN شاک‎ e 
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SR لوو‎ 


ES Sl CEN‏ یه a Eq posos, aa ys MES‏ فد 


| 


E 
E 
5 
“k 


Problem 8.35 


Given: Beit moving steadily through 
bath as shown, 


AS SME Berm shear at tiimfair 
Surface, and ne pressure forces. 


Find: (a) Boundary Cond #100 s tor 
Velocity et &g 90,4595. 
G) Velocity Profile. 


Sotation: Choose Cv xy dz GS سم‎ Bath: f 
Apply x component of momentum equation . 


: ; =0(2) x ols) 
Basie Cptirations : 
de 
fzx + Fay = ia Gide 3 تا‎ GE = 
cv 


Assumptions: O) fa, due to shear forces OA ft 
E) Steady Siew 
@) Fetty- developed fieus 
Then 
Fag + Fi, = Ry y هه‎ = Ot EY پس(‎ - ٤-56 de dz gg د‎ 


Or de يه‎ ZA yer 

dy = F? sa 7 

Fm POY $C, SAO er dg E + \ bategreting AGAN, 
7o evaluate the Constarts C; and C,,cd0396 the boun Aay Lodhi وه‎ : 


At y=9, aalo, Sa C, =U 


3 
= of نت‎ 

At yah, Tz=0, وک‎ ge we and ړک‎ = Fg^ 

Subs hheting, 


PEL Lu, = BCP hg) +2‏ دی 


Note that at Y =h, 
w= £2 EL) Uo #O 


Thus the Solution is determined Orley when UL, aec A are keen} 
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Problem 8.36 [2] 


8.36 In Example 8.3 we derived the velocity profile for laminar 
flow on a vertical wall by using a differential control volume. In- 
stead, following the procedure we used in Example 5.9, derive the 
velocity profile by starting with the Navier-Stokes equations (Eqs. 
5.27). Be sure to state all assumptions. 


Given: Navier-Stokes Equations 
Find: Derivation of Eq. 8.5 
Solution: 


The Navier-Stokes equations are (using the coordinates of Example 8.3, so that x is vertical, y is horizontal) 


4 3 
+— + =0 (5.1c) 
x Oy 7 
1 4 5 3 4 3 
Wg! me ae = oP i 4 MARG (5.27a) 
p t x y 7 a Ox | ge Oy gk 
1 4 5 3 6 4 5 3 
ut a +w% |= ay F n ¿Y (5.27b) 
Pat X y z * y A Be e. s 
1 3 3 3 3 3 3 3 3 
0 0 0 0 Ow Ow 0 
P +u tV +w =, tu "UR" quaa c (5.270) 
ot X y 7 7 X y 7 


The following assumptions have been applied: 


(1) Steady flow (given). 

(2) Incompressible flow; p = constant. 

(3) No flow or variation of properties in the z direction; w= 0 and 0/0z = 0. 

(4) Fully developed flow, so no properties except possibly pressure p vary in the x direction; 0/0x = 0. 
(5) See analysis below. 

(6) No body force in the y direction; gy = 0 


Assumption (1) eliminates time variations in any fluid property. Assumption (2) eliminates space variations in density. Assumption 
(3) states that there is no z component of velocity and no property variations in the z direction. All terms in the z component of the 
Navier-Stokes equation cancel. After assumption (4) is applied, the continuity equation reduces to 0v/0y = 0. Assumptions (3) and (4) 
also indicate that Ov/Oz = 0 and Ov/Ox = 0. Therefore v must be constant. Since v is zero at the solid surface, then v must be zero 
everywhere. The fact that v = 0 reduces the Navier-Stokes equations further, as indicated by (5). Hence for the y direction 


P o 
oy 


which indicates the pressure is a constant across the layer. However, at the free surface p = Pam = constant. Hence we conclude that p 
= constant throughout the fluid, and so 


Po 
Ox 


http://librosysolucionarios.net 


In the x direction, we obtain 


Integrating twice 


1 2 G 
u = --- pgy +—y +C, 
2u u 


To evaluate the constants, c, and c», we must apply the boundary conditions. At y = 0, u = 0. Consequently, c; = 0. At y = a, du/dy = 
0 (we assume air friction is negligible). Hence 


dy=0)= ووم ا م‎ 5-0 
وا0‎ H u 
which gives 
C, = pgó 
and finally 
2,089, PS اام‎ ۱١ 1[y 
: ye a u d e 
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Problem 7 [4] 
] i 
Given: Mitrocthip supported p? air fila, ona horizontal Surface, 
ae Are L* I7 ma Jong, 139,28 ۸ wide, and haw mass 
= 0,3254, The air file is چا‎ ۴۵,۱85 mm ici. The inital توک‎ d 
of the Chips 15 MY 2/95 mals j they Slow fom Viscous Shear. 


Find: (a) D there nha! equation for chip meted during eleceleraban, 
(b) Time required for chip To lose 5 percent of Vo. 
(c) Plat of chro لد‎ ws. dame, lth labels and comments, 


Solutén: Apply Newtons laws of viscosity LA 

Basic ¿quañhons! Lux ade a. ي‎ , 
y fe TA QF me. | 

rv (1) Newtonian fiuc d (3) Air at STP 


(2) Lintar veloc ما‎ potile m د۵۳۵‎ gap 


Then - و‎ 
| Tax pe E à wh fv y CA ره‎ arl de 
The free- body و‎ for the chig ts ړو‎ ES PP 


=- Z m سا هډ ب‎ a dv -— ur 
EB, وه روي ووو‎ pou 


Integrating , | dv SY EN ال‎ 
et Vo 
Thus e gee 
pu Vo r 
O NE a LS adru 0,4 kg و نلا‎ 
En — 03189 x IS Ps Tag xo RF 4.2۶ men م۷‎ eng m 


t= ob S 


From Excel, the plot of speed vs. time is: 


= = i 
Chip Speed V versus Time f 
i 
2.0 E ; 
] Initial rapid 
ir ze”. deceleration 
y Later less rapid 
E 10 deceleration 
> 
0.5 | 
DO PEE = l i 
0 5 10 i5 20 25 30 
t (s) 
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<r 


[4] 


Problem 8.38 


Given: — Free-surface waves begin to form on a laminar liquid film flowing down an inclined 
surface whenever the Reynolds number, based on mass flow per unit width of film, is 
Jarger than about 33. 


Find: Estimate of the maximum thickness of a laminar film of water that remains free from 
waves while flowing down a vertical surface. 


Solution: The mass flow rake is rh = PVA Vui, s miu = PUS, 


VS _ m‏ 3 ۷م 
Ke P S 33 (maximum)‏ 


Using the result for average velocity from Example 8.3 


y = Pgs" 
Thus 


C regi 2.2 


231? 
Solving fev 7 


اس وو 


At T= toe, uc. qox 10 iu and p= oe kg/m (Table AS), Subst heti, 


: u 
PLNS ) Gate hy e TE 


$2 ولولح‎ m ar وا02‎ me 
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Problem 8.39 5] 
Given: Viscous- shear PUTA AS SHOWN. 
b= Loxkth normal + امه هټ هله‎ ; ace 
LO) 8 ماکعه‎ dirffereahas 
(4) Input power 


(c) CFF iere 
As frene tions of volame Clous rake. 


Solution: Sie at R unwrap ۸۵ tiem flow between para tte! plates. 
Apply CF5. 8.9 To Fully desxleped Tou; Ds Rus 


Vohteme Flow rate "m A. 4 Ua. t 2p ja? 
b EIET 


Ap = er دد ړا مره = )@ وس‎ Kus qe za. 
"n 


Torgue is T 9 TR(bL) = Reet, Fuser کا‎ P=Tu. From H.P. Ta, at ya 


P= اسم‎ EJ = Ree) چیه‎ vedere eue لر و‎ 


P= = Riba | RH 4. B £2 3] = Ate "لا‎ (iy - 


en) i | f 


Output power eS RAP, So eff citu که‎ l | 


G4QLKw‏ ۔ QAF‏ ے 
تن فو RT‏ دا 


a o اي‎ 
EG 
AbKiw eT ute (Ruw) (a- yv 
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| Find : FEC for marica charackeristres 


Q SHEETS د‎ SQUARE 
SHEETS 5 SQUARE 


Q 


i Sigs LY = Kw and &- ۔‎ 42 , thea 


SHEETS 3 SQUARE 


ae, 
E 


Problem 8.40 (In Excel) 


8.40 The efficiency of the viscous-shear pump of Fig. P8.39 is 
given by 
(1— 2q) 


(4 — 6q) 


n = 6q 
where q = Q/abRo is a dimensionless flow rate (Q is the flow rate 
at pressure differential Ap, and b is the depth normal to the dia- 
gram). Plot the efficiency versus dimensionless flow rate, and find 


the flow rate for maximum efficiency. Explain why the efficiency 
peaks, and why it is zero at certain values of q. 


Given: Expression for efficiency 


Find: Plot; find flow rate for maximum efficiency; explain curve 


Solution: 


P8.39, P8.40 


| 000 | 0.0% | Efficiency of a Viscous Pump 


096 T T T T 
0.00 0.10 0.20 0.30 0.40 0.50 


q 


For the maximum efficiency point we can use Solver (or alternatively differentiate) 


| q || n | Theefficiency is zero at zero flow rate because there is no output at all 
The efficiency is zero at maximum flow rate Ap = 0 so there is no output 


The efficiency must therefore peak somewhere between these extremes 


http://librosysolucionarios.net 


Problem 8.41 [5] 
Given: Annular gap seal as Shown. 


Power required to pump vel, FB. 


Power to Overcome viscous dessipaños Ry. 


Find: (A) Expressions Tov Fe, Fy 


(b) Show total power minim (e when OLE 
chosen $0 that R= 35. 


po 


Solution: Apply 9S. 8b and 8,9 for flows beeen? pana Het pilotes, 


Assumptions: (1) ,۵ه‎ 5o unfold to flat plates 


: r ewe sue E 
E) ^b pressure Gradient rcumRrerñalt 


ThE vescons power is The produc T of visoces وا‎ times !لما‎ 


NTC 
R = Tio = TRTROIRw =u ler 22) 2u ار‎ ToL 2us 2 تيت‎ L & 
à * : re 
The pump power 15 the product of Trovo rate times Oressusre dp. 
A Gap 
3 a A42 
Fram لص دوو په‎ 4 a Oa OP مڪ‎ Æ y FOG Ap 5 
Zas L 2,2. de AA 
i M 
The total Power required eR سه = کرو بو و‎ Dre "دو‎ 
Ha [2 مش‎ 
adu: s dA 
EF یت‎ be رهم‎ im لک‎ by -setteg A. xo. This 
2۳67 Tan هفرص‎ hp» o, U) 
Har و‎ | 
This con be Lor then 
` de 3 
EE: z m 
Which دا‎ satisfied when Fp-R, =0 ^ P, ېه‎ bp timu 


Equañon ! Also can be solved for Q At optimum کو لك وف‎ : 


& k په‎ 
at همش‎ as و‎ a ADE pr E $73 lepirmin ) 
p dp 


http://librosysolucionarios.net 


81 50 SHEETS 5 SQUARE 
42 100 SHEETS 5 SQUARE 
39 200 SHEETS 5 SQUARE 


4i. 

42. 

42-3. 2005 
eeu ج‎ a 


اس - 
سل - له سی 


بې وه 


F 


Part 1/2, 


Flow 


Problem 8.42 [5] 


i too. 5 $“ i 1 ; E : > : 
Given: VISAS Amtr, La ns Stig of a £u beads ead nass [0S1 A Circular 
Tube Filed with Vistous ligai d j creaba o Marri arr lar gap 


Find; (a) The flow held created when the mass falls under grovity. 
(b) Whether this Lope MALE A SAS Fatty مو ول‎ and if so, 
tor tuhat range 0f time intervads, 
(c) Effect of temperature Change In measured Ame interval, 


enc 4 the cylinder and the movirg MASS! 


Then : Qy TE =V TOa, =Vla (1 


Assume! (i Gapis narrow, A <4 D 
نتا‎ Une gap so flat, 4 * TD 
B Steady Flow 
(4) Fidiy developed laminar flow 


Under these 1ک ک/‎ 727 the flou held in tht gap T 


that far flow between paralleli plats with ont p late MAIG. [Fiera 


کم 


Place coordinates 0n FAG mowing PH SS pu 


Then the Volume flow rate (Eg, 2.35)/5 


۸٨۸ A l 2 
رتس رو و‎ 


But oP سب‎ Apy , where Ab, is Fhe Presser drop driving كاو کرپ‎ Flew, یک‎ 
x سا‎ 


8 L م۵٨ د‎ Va, 2x22 x 
سه اتو ونو وت‎ * * ItaL i rp 


The pressure Change aLross the moving mass IS 


Ap = (gt + bp, By 


Summing fortes tn the (moving mass gives 


٨ زګ«‎ 
ZR, "EP - ma + má 


But mg rfm TO. and Fi = Ty TDL 

m 
From 4, 3.14, Ts ves مار رس‎ +$ dey 
Substituting, Dp TP — fm Detras 2 Ap | 7 -0 


A په‎ - ] 2 Ap 
or P *fm$ - f tp ://flbros bis net i 


Salud wh! App ty conservation of Asi ta Cv E 0 > 


Ly Lui, Lu LU LL 


Pee تر‎ run 


RTI 
سا‎ AS 


مر 


Part 2/2. 


Ab. 


51 


~ 


Problem 8.42 
Combining E45. | and 2 gives 2 a Uo. ېږ‎ Apya 
2 FL 
Thus ius 7 
Ap, ~ e Up off = ما تا و3‎ &) 


Combing Eqs. 3 and gives دن‎ thy ند دس زو‎ 4B] 


Using Eq. 5, 


— 


Bu ULD : 
EB me AS — el, H_L S4UCD ye 
Simph fying aad re-arranging, 


(fm -A ge = de 444U t ,. CA يږ‎ 34 ULD 
aD a? 


Fin allg, using F* 36054; 


J = Sm ~ 362) fmog a? 
BD 


At 


The time interval for the mass ta move distant FH |3 


At. E 3440 


ee (e) 
` (Sm 564) mo a? د‎ 


impe A n on Seber x e. 0 es và wes EAS هه‎ nm 
Equation 6 shows that the time interval for the mass to fall any distance H is proportional to 


liquid viscosity م‎ and inversely proportional to gap width a cubed. A temperature change would 
affect the diameter of the measuring tube and the diameter of the falling mass. A temperature 
change also would affect the viscosity of the liquid in the tube. 


Speed of the falling mass is proportional to the cube of gap width. If the coefficient of thermal 


' expansion of the falling mass were greater than that of the glass measuring tube (which seems 


likely), then the width of the annular gap would decrease with increasing temperature. This 
would tend to slow the falling mass. The total amount of thermal expansion would depend on 
the diameter of the mass and tube. The effect on gap width would be greater, the larger the tube 
diameter compared to the initial gap width. 


B might be possible to “tailor” the thermal expansion coefficient of the cylinder, by using a 
: suitable material, to closely match that of the falling mass. Then there would be no differential 
' thermal expansion between the mass and tube, and changes in temperature would not affect the 


gap width. 


Speed of the falling mass is inversely proportional to liquid viscosity. Liquid viscosity decreases 
sharply as temperature increases (the viscosity of SAE 30 oil drops more than 10 percent as its 
temperature increases from 20°C to 25°C, see Fig. A.2). This would tend to increase the speed 
of the falling mass. 


The entire device could be maintained at constant temperature. 
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لیا zd ad Lu Lu‏ نیا 


EEEEERI 


اسا( وبا دنه 


تساو 
i‏ 


ELT 
لپا با بات‎ 


کاو 


Problem 3 [5] 


Open-Ended Design Problem: Automotive design is tending toward all-wheel drive to 
improve vehicle performance and safety when traction is poor. An all-wheel drive vehicle 
must have an interaxle differential to allow operation on dry roads. Numerous vehicles are 
being built using multiplate viscous drives for interaxle differentials. Perform the analysis 
and design needed to define the torque transmitted by the differential for a given speed 
difference, in terms of the design parameters, Identify suitable dimensions for a viscous 
differential to transmit a torque of 150 N * m at a speed loss of 125 rpm, using lubricant with 
the properties of SAE 30 oil. Discuss how to find the minimum material cost for the 
differential, if the plate cost per square meter is constant. 


Solution: Fro. Problem2.59, dr = دحلم‎ ٨٣ فلے‎ 


z oler کا‎ ¿ 
But T A A مه‎ che ; dA Zmrele 


| - n^ 40 _ Emu . مې‎ TAO lo tp * 
Thus dT pu CET anede یوس يو د‎ T zoe [Ro e] 


Dr Fa A وی‎ wher, d, REÍR 


This vale کا‎ Pec gap, Each لام‎ has 2 gaps to 4 housing, For n gaps 


Ta = t E" liar) ft) Tn 


y + 
087 ده‎ A TE A ووي‎ m* «c 
h Tr åta T OE ANS lS rev 27 10 
br 
en pr 
e £1 


Por n=O Gad h * 0t mp Ct s OS m'y 0.0002 n, E ې‎ Y. tinto که‎ mY 


& T [fix] im a 0.0454 mm or Da ¡Go mum) i 


The stack length ng hf be 


= مه‎ 27 mm fev a*l, or 128 mm fy م‎ = 100 
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| Fromm 64.1, assuming حر‎ 0.18 kg bonis (Fig, 4.2) anda + go /- ٠ I> راوج‎ thea 


506 SHEETS. FILLER. 5 SOLARI 


[3] 


6 = 1-mm 


wr = 10-rpm 


L=1m I= 0.055-kg.m^ 


Problem 8.44 


8.44 A journal bearing consists of a shaft of diameter 
D —50 mm and length L —1 m (moment of inertia / — 0.055 
kg. m?) installed symmetrically in a stationary housing such 
that the annular gap is 6 — 1 mm. The fluid in the gap has vis- 
cosity 4 = 0.111۰ s/m?. If the shaft is given an initial angular 
velocity of c) = 60 rpm, determine the time for the shaft to slow to 


10 rpm. 
Given: Data on a journal bearing 

Find: Time for the bearing to slow to 10 rpm 
Solution: 


D 
Lo = Torque = cde 


The given data is 


The equation of motion for the slowing bearing is 


where a is the angular acceleration and 7 is the viscous stress, and A = T-D-L is the surface area of the bearing 


As in Example 8.2 the stress is given by T= سر‎ 


3 
Hence La = um LS p a Es 
dt 26 2 46 
dw T p L 
Separating variables eo -dt 
w 4۰6۰1 
1 mL 
: ; 4-6-1 
Integrating and using IC o = @ w(t) = wp 
The time to slow down to o = 10 rpm is obtained from solving Wp = دا‎ 
4-5-1 Wf 
SO t= بحم يی‎ — t= 10s 
peD-.L wi 
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€ و‎ [ka ke 


Problem 8.45 


Given: Fully cleve med lam nad Hows a Pipe, wrth 


-E- Llar]‏ ده 


Find: Rashes from pipe axis at heh وه شا‎ the Quem 


velocity > ve 


Solution: First determine Y, 


VB سلوي‎ LEER سم‎ 


= =e m "£i: = - 


V= -éta 

Then u =V hen 1-7 . 
ae lio) غه کی هټ‎ 

or Ey 1 1 | 

di er 


C= b3 =z 0,707? /€ 
"E 
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Problem 6 [2] 


Find, tor: each fla id: 


(A) The maximam Yleco no ie. for laminar flow, 
(b) The corresponding : dd Gradient, 


4n CLL TGS Of ODIO, 


"» Vo UD à RN : 

Re= UVP QVO Lab. * A or دخ‎ Re 
TO 4A E و ق‎ 
This : T 
: at 0 E 1 J 
One: ے‎ TA me aa Ex 2300, 0.006 m, væ E /۵. VE. ) 


Aso, 4 = - nes E for laminar Lion, according to 69, 8,438, Then 


Bu ه‎ 
ð Gua _ edad 
ox met T TOF 
so 
èp — (28) ANS Q m? / ٧ xo a A N 
an k r- n * ZE (6.006) m Ca? 


Using data, from Append ix A, at uoc, 


Fd AE) aly a مهم‎ E) 


———— —Ó—À—— :اا‎ — mm m — وح مس‎ a er ie P! 


Water 4,57 x07 7. /0 که‎ 


-5 


(SAE IOW 03.857075 4,0 xio7 3,4 x lT -2 130x100 i Se x 0% 


ol 
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Given: Water and SAE 771 Flowing at YOC through o bmm يف‎ 


; Solution ] Laminar fleu m expected Hor Re $ 2300. Sheree Sige this 


ES 


[2] 


Problem 8.47 


8.47 A hypodermic needle, with inside diameter d — 0.005 in. 
and length L — 1 in., is used to inject saline solution with viscosity 
five times that of water. The plunger diameter is D — 0.375 in.; 
the maximum force that can be exerted by a thumb on the plunger 


is F = 7.5 lbf. Estimate the volume flow rate of saline that can be 


produced. 
Given: Hyperdermic needle 
Find: Volume flow rate of saline 
Solution: 
د‎ 
Basic equation Q = LT (Eq. 8.13c; we assume laminar flow and verify this is correct after solving) 
128: pL 
F 4.F 
For the system Ap = P1 ¬ Patm = cc 
TD 
4 1 12-in 2 
Ap = — x 7.5-lbf x x Ap = 67.9-psi 
7 0.375-in 1 
-5 6 -4 6 
At 68°F, from Table A.7 = 2.1 — = 5: =1, : 
HH20 x 10 7 p = د‎ ۱6 u = 1.05 x 10 J 
ft ft 
7 lbf 144in 140 Y 1 12:in 
Q = نو وو‎ 3 ٣٣ - ) نک روي کو وې ړز‎ 
128 i^ 1ft 12in) 105x10 ^pr, Li tf 
7 te 3 im in 
Q =8.27x10 .— Q = 1.43x10 .— Q = 0.0857. — 
5 5 min 
3 2 32 
Check Re: vela Y ll "لي‎ v = 607-4 
A Td? 7 5 .005-in 1-ft 5 
4 
Re = pved = 1.94. slug (assuming saline is close to water) 
H ft 
slu ft Lf ft slug-ft 
Re = 194775 x 6.07.— x 0.005inx سوت‎ x — Re = 46.7 
ft à 12in 105x10 “Ibf.s s^lbf دد‎ 
Flow is laminar 
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Problem 8.48 


8.48 In engineering science there are often analogies to be made 
between disparate phenomena. For example, the applied pressure 
difference Ap and corresponding volume flow rate Q in a tube can 
be compared to the applied DC voltage V across and current 7 
through an electrical resistor, respectively. By analogy, find a for- 
mula for the “resistance” of laminar flow of fluid of viscosity / in 
a tube length of L and diameter D, corresponding to electrical 
resistance R. For a tube 100 mm long with inside diameter 0.3 
mm, find the maximum flow rate and pressure difference for 
which this analogy will hold for (a) kerosine and (b) castor oil 
(both at 40 C). When the flow exceeds this maximum, why does 
the analogy fail? 


Given: Data on a tube 


Find: "Resistance" of tube; maximum flow rate and pressure difference for which electrical analogy 
holds for (a) kerosine and (b) castor oil 


Solution: 
The given data is L = 100-mm D = 0.3-mm 


From Fig. A.2 and Table A.2 


_3N. k k 
Kerosene: u = 0 — p = 0.82 x 990.8 = 812.5 
m m m 
N. k k 
Castor oil: TES 0.25 p=211x 990. E = 2090.5 
m m m 
For an electrical resistor V-RI (1) 


The governing equation for the flow rate for laminar flow in a tube is Eq. 8.13c 


5 n-Ap-D‘ 


128-p-L 


_ 128-4-L 


or Ap Q )2( 


4 
T- D 


By analogy, current I is represented by flow rate Q, and voltage V by pressure drop Ap. 
Comparing Eqs. (1) and (2), the "resistance" of the tube is 


128. p. L 
Be Papl 
T-D 
The "resistance" of a tube is directly proportional to fluid viscosity and pipe length, and strongly dependent on the inverse of 
diameter 
y : p: V.D 
The analogy is only valid for Re « 2300 Or « 2300 
1 
ril 2300: p- T- D 
Writing this constraint in terms of flow rate < 2300 or Qmax = =— EA 
H م4‎ 
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The corresponding maximum pressure gradient is then obtained from Eq. (2) 


128 32-2300-u^.L 
APmax = mak 7g 
T-D م‎ D 
For k : -7m 
(a) For kerosine Qmax = 7.34x 10 ri APmax = 406kPa 
5 m 
(b) For castor oil Qmax = 6.49 x 10 “— APmax = 8156 MPa 


5 


The analogy fails when Re > 2300 because the flow becomes turbulent, and "resistance" to flow is then no longer linear with 
flow rate 
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Problem 9 41 


| oum Fly - developed (A minar تن ها‎ 14 an شاعم مه‎ aS ودنه مک‎ The 
ec. OR Section 4s Stationary j the Outer moves at Vo, 


Asgume ES =O. 


Ev Vir). n Mem of. e, 
€ دود ا‎ E Ei 


: SSumphoas : : a Fax = =. 


E Stay TR 


(&) bcd developed feu 


«EP د ړو سي - د وي‎ E ux = ۵٥ 


A — IE te 4. E Gs CET | 


Vi a e l2 EE AM e 5 


ES RU.‏ بت 
p‏ رو ae tó‏ 


EDIB SNES EOE 


[4] 


Problem 8.50 


Gen: Fes by ځار هل‎ lapa feo r3 flows ma Circular pipe, ارت‎ 
pr de Control volume نه ۸ک کت‎ 


Fr 


| ME LE. کو‎ 
سنا‎ (p~ ا مر بے‎ mi r d) ا‎ 


| Find: (A) Forces acting on Cv. : 
(5) Expression for E وؤښ رتوا‎ 


e Solution : The. forces on a Cv af radites rare Shown above 
P Baste equations n oc: هنوا‎ - . O hs | M 
| ^. dcs. UA ال‎ dp ر‎ Ux ATE 
Ass motions : 0) Fe. =O 
D (2) P» flows 
: Pratt - developed. flow 
. Then 


= (p- - 2 Arr + Lx Emre = -erg د د‎ =0 
+ M ing and com bing CLS , 

=p + 25% =O 
Thus du £ òp 


oo 

Tò evaluate ia aget the boundary ¢ cordliton <0 ar ree. Thus 

and e da A 

ES Lay = ES REF Ej 
يما‎ Leen ڪال‎ = AA 


Which is identiéa to Eg, 8.12. 
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Problem 8.51 [4] Part 12 


be سر‎ — 


Gusen: pe 
VeczSu ew 


Pit EN‏ اتو 
AAS AR‏ 


CN کہ صت‎ Sy E p A 
GE 


vases eu 
e = u= I S ARN Y Ste kl 
(ey CNN eus an BARES SACA, Tor Mu دا‎ ae و‎ Ae) of 


ed شت ځا‎ A CINES of 
Ce Má a MA $ 
MN Cornmpose Ma Conse, Xo, E Ceo A کت‎ MS Que : 


NON AES میا‎ Le cesuis of Be TN cec NET 
¿e noes کم‎ Seven Y-3 NS یام‎ 


x 


mE 


ise 
+ dara cy 


A o Lu eS 
t een 
: Me amas cen dd sese عغه‎ WED A TER 
eh t= RR : 
Sur ٤٢ LEON adi d 
2 d S aem aee نن‎ 
RAR ag on Ñ | 
| = ree a عا د‎ Ca o. 
OA , O= E x UN سه‎ ae ees. - - Qe be 
sS. 39 GRD 
"0X S& )ئی‎ 
لک 38 کے‎ ae CS 
RC حه‎ AR داد‎ aA SOS | 
ere aF کې‎ ES r3 CT De 
SE ap an ki GEN EN y ah" پک‎ BR o 
- 13% Eus e e RY 
نف‎ pn WR Se 
Z 1 عا ې‎ EX A 
E ES X. \ = is E ^| 
Vo همه‎ mar U GA Me = د‎ de = O 
2 dee ے‎ PE = ا که‎ gN ae 
ils f T se OM e \ 
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Problem 8.51 [4] Part 2/2 


SA AL To GS. T= iW. Ser 
سه‎ E 


: a QRCNR AR 
ond. \ V Q- wy 8 
د د‎ MON As al ۷ 


k=r/R a Radius Ratio for MaximumVelocity 
r/R) Umax 4 
0.001 9 
0.01 0.329 | 
0.02 0.357 0:8 
0.05 0.408 " 
0.08 — 0444 | 8 
0.1 0.464 g i 
3 0.2 0.546 1 4 
3 04 0.677 
i 0.6 0.791 | 0.2 | 
4 0.8 0.898 
y 0.95 0975 0 
0.99 0.995 0 02 04 06 0.8 1 
k=rjiR 


de 
Tae Rees . hoo OSA us 7 SACO = Y 
Ae کې وه‎ SS S cesos Sac Kl va ww 
A ED eve 
Me S ovo هاجه ې‎ and Be aos essa We as 
‘pater Aena Aims 
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Problem 8.52 [4] Part 1/2 


Gusev. Fu ASIA Oped. Nosumnos 
Las E a boe EE 
YAT EN و یکم‎ 


Roy 
| E RSEN Sd. Soke 


در خو 


oe tS FAT XY * HA WEN 


> Shao Bol Be uduri Can re کا‎ ES Sa 
Qu — ww? چه‎ [GAS 0 Ny 
| ~ RAMS 1 
ds) Oian an د دنه‎ a Me ose SS 
EG Compose WAX وو‎ t>o, SR a ma 


Cao stos Rus: 


SN re uoure Ga coe ها‎ Quien a 


E 8 
شا‎ usa = "ES Get as = 2 Ao یا‎ TAY 


A ۴ لد‎ ۳٠ 
MN T Loe » eR Sa 


PM * T ES q ES ab ton w^ ASQ 
moran en US cedi. 


sis. E تک‎ st ca rds EN 
Ep LAIA د۹‎ ` KEW S LENA 
| X 
.-WwU a9 y EX 1 GR LA paga WS AAR 
RB awl S Z AM AO دد‎ RK T 
2 


DW aS ` a e VAN co EN 1 UN 2 V sk 


f 


PESE AES EN pura! 
یغ‎ ARAL wo RAS E. 
T A - 
لد وس‎ SEO 
= و‎ mE X (\ - 
ME SE a 
We Won لکن‎ y ne E 
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SQUARE 
EETS 3 SQUARE 


EES 3 
EETS 3 SQUARE 


42.381 50 SH 

42-382 0 SH 

42.3B 188 SH 
Imus. 


- 
د ر ا AAO‏ 


Part 2/2 


Problem 8.52 


[4] 
We amo s و‎ Su | 
w= ES = (tos de = PUN ES SON 
Wo RR i S GN 3 = ast a به کال‎ 
Kus 
Qa By av ړپ‎ GAN AÑ 
MELLE 
RUE -È ae EOS Cue e 
For a 
=> -58 = ond الا‎ uS a? 


caret wR Re resis ېک‎ Goo Ka عملسش‎ 
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Kese 
Po. 


Problem 83 [4] 


Gwen. Pa pen Es د و یت‎ San 
O AUS 
eoe ed ko UN be هه ک‎ 


Secas Of a‏ کی ووک 
RUN at Woe caiie‏ 
چک S40‏ مته CN Dase cu =< i 1 Problem 8.52 No ése ON‏ 
range MP OESTE Aç As Ch OSA ck Co. s‏ ې اا 
TEMAS‏ 


ey PA EHE Aae سا‎ SE as Y fox O حم‎ E هده هڅ‎ 
Solon, Ke کک‎ ot لچ‎ EN a eX ae 


x Ens A= N‏ اون 
پا 


Ne - St E 


Woo ee ACORN 
Gt اه‎ 


Foc Reo 5 tw z Sus 


دځ سا 
Sel BRING Ls‏ : 

BE = UE eo NS cc S 

n دد‎ BO. 7 TO cE E 

C ds (UN 

E Ed em 
1 1 SEN acta 

or Smo i i v 1 

ua ١ - EN SE i وف‎ = TE 


o range = A Nee ES A 1 dos لکا‎ Y 3 Ya &RV 


oF * =y E. NS \ y 
Lo hores € Ane (Nx ih Voss SE 3 


ker, /R * uad Percent Change in Pressure Drop | 
0.0001 122 | s i 
0.0002 13.3 | 3 ag 
0.0005 15.1 5 
0.001 16.9 B 40 
0.002 19.2 E 
0.005 23.3 ER 
0.01 27.7 | " 
002 ee 0 002 004 O06 008 01 | 
0.05 50.1 k = r/R 
0.1 76.8 eres E 


Ne ASL Sows Wot LEN Re ernai of WOT شه‎ 


TOR‏ نید پا VN‏ مهه 0۳ هو له C‏ شفکعییهقفګف 
Sor a. UIS ro So‏ 
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Problem 8.54 [3] 


8.54 In a food industry plant two immiscible fluids are pumped 
through a tube such that fluid 1 (u, = 0.02 Ibf + s/ft?) forms an inner 
core and fluid 2 (p, = 0.03 Ibf + s/f) forms an outer annulus. The 
tube has D = 0.2 in. diameter and length L = 50 ft. Derive and plot 
the velocity distribution if the applied pressure difference, Ap, is | 


Given: Two-fluid flow in tube 
Find: Velocity distribution; Plot 
Solution: 
lbf - lbf 
Given data D = 02-in L = 50-ft Ap = -lpsi ui = 0.02- => pu) = 0.03: 
ft ft 
From Section 8-3 for flow in a pipe, Eq. 8.11 can be applied to either fluid 
2 8 
1 
u= te 2» + —-In(t) + c5 
ل4‎ \ Ox H 
Applying this to fluid 1 (inner fluid) and fluid 2 (outer fluid) 
2 2 
Ap “1 Ap ۹ 
uy = : CE ney ولا‎ = : Eu duit 
4p, L py ^p L p2 
a D D 
We need four BCs. Two are obvious r=— u = 0 (1) r= — uy = Up (2) 
2 4 
The third BC comes from the fact that the axis is a line of symmetry 
du, 
r=0 — =0 (3) 
dr 


The fourth BC comes from the fact that the stress at the interface generated by each fluid is the same 


du du 
1 2 
==> == == (4) 
8 dr "2 dr 


2 2 (2) 

2) Ap € 4 c 4 c 

BR‏ 3 د 2 1 7 END 3 (2) += x37‏ له ې دا 
4 . 2 


Using these four BCs —-In —-In —-In 
۹ D Ap *“ DAp ۰ 
lim — =0 DAP, A دا‎ 
r0 HT 8 L D 8 L D 
Hence, after some algebra 
2 2 
+3 p : 
q=0 (To avoid singularity) Cy) = NES z 1) c3 = 0 C4 = LE 
The velocity distributions are then 
2 
A DY (2+31 2 
1 = aa a uy) = SE سا‎ 
“By: "Ho 2 4-7L 2 


(Note that these result in the same expression if u4 = p9, i.e., if we have one fluid) 
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Evaluating either velocity at r= 1(/4 gives the velocity at the interface 


3-D2.Ap RO : 1 144:in” . ft ٣ ene 
interface 64-117-L interface 64 12 E e 0.03-lbf-s جع )ې‎ 6 A 
Evaluating u4 at r = 0 gives the maximum velocity 
D^A 3 2 2 
: P (uo = M) 1 (02 Ibf| 0.03+3x0.02 ft 1 -3ft 
üna = ا‎ gag + == *1== x | —1-— |× —— x — Umax = 1.88x 10 — 
64-17 لول‎ 64 12 in? 0.02 x 0.03 lbf-s 7 5 
OTe. 
a ree —— Inner fluid 
OO O O LLL Outer fluid 


r (in) 


4 


3 


0 5x10 1x10 1.5x10 2x10 


Velocity (ft/s) 


The velocity distributions can be plotted in Excel 
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[2] 


(Eq. 4.18a) 


Problem 8.55 


8.55 A horizontal pipe carries fluid in fully developed turbulent 
flow. The static pressure difference measured between two sections is 
35 kPa. The distance between the sections is 10 m and the pipe diam- 
eter is 150 mm. Calculate the shear stress, t,,, that acts on the walls. 


Given: Turbulent pipe flow 
Find: Wall shear stress 
Solution: 


J FEM 
Basic equation F, = Es, + Fp = = 8 upd¥ + I. upV-dA 
es 


Assumptions 1) Horizontal pipe 2) Steady flow 3) Fully developed flow 


With these assumptions the x momentum equation becomes 
2 2 


D -D 
he Ty m DL ~ py = 0 Or 


1 N 1 1 
Tw = پس‎ 35x 10. x 150۰mm x "E x —— 
4 "€ 1000.mm 89 


Since Ty is negative it acts to the left on the fluid, to the right on the pipe wall 
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Problem 8.56 [3] 


8.56 One end of a horizontal pipe is attached using glue to a 
pressurized tank containing liquid, and the other has a cap at- 
tached. The inside diameter of the pipe is 2.5 cm, and the tank 
pressure is 250 kPa (gage). Find the force the glue must withstand, 
and the force it must withstand when the cap is off and the liquid 
is discharging to atmosphere. 


Given: Pipe glued to tank 
Find: Force glue must hold when cap is on and off 


Solution: > 
a - = 
Basic equation F. = Fẹ + Fp = EI upd¥ +f upV -dA Eq. 4.18a 
TE du E و‎ cs ^ e 


First solve when the cap is on. In this static case 


2 
Fglue = T where p, is the tank pressure 
Second, solve for when flow is occuring: 
Assumptions 1) Horizontal pipe 2) Steady flow 3) Fully developed flow 


With these assumptions the x momentum equation becomes 
T p^ nD" 
P1: برض د‎ = =0 


Here py is again the tank pressure and p; is the pressure at the pipe exit; the pipe exit pressure is Pat = 0 kPa gage. Hence 


2 
T-D 
Foipe = Fglue = ند‎ TDL = a P1 
We conclude that in each case the force on the glue is the same! When the cap is on the glue has to withstand the tank pressure; 
when the cap is off, the glue has to hold the pipe in place against the friction of the fluid on the pipe, which is equal in magnitude to the 


pressure drop. 
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Problem 8.57 


8.57 The pressure drop between two taps separated in the 
streamwise direction by 30 ft in a horizontal, fully developed 
channel flow of water is | psi. The cross-section of the channel is 
a lin. X 91 in. rectangle. Calculate the average wall shear stress. 


Given: Flow through channel 

Find: Average wall stress 

Solution: 1 

Basic equation F, = Fs, + Fp, = کد‎ upd¥ + 2 u pV . dA (Eq. 4.18a) 


Assumptions 1) Horizontal pipe 2) Steady flow 3) Fully developed flow 


With these assumptions the x momentum equation becomes H 
w-H L 
-W.H+7,,:2-L-(W+H)-p>W-H = 0 or چ‎ = )pر‎ A. = Ape پس‎ 
P1 yg WH Og ee | 3 
2. ېم1‎ — 
f 1-ft 
i 00d MM, ain 1 lbf 3 
in ft l 9.5-in x — ft 
12-in 
ا‎ 
30-ft 


Since Ty < 0, it acts to the left on the fluid, to the right on the channel wall 


http://librosysolucionarios.net 


[2] 


D = 30-mm 
Tw1 = 33.8 Pa 
Tw = 82.5Pa 


Problem 8.58 


8.58 Kerosine is pumped through a smooth tube with inside 
diameter D — 30 mm at close to the critical Reynolds number. 
The flow is unstable and fluctuates between laminar and tur- 
bulent states, causing the pressure gradient to intermittently 
change from approximately —4.5 kPa/m to —11 kPa/m. Which 
pressure gradient corresponds to laminar, and which to turbulent, 
flow? For each flow, compute the shear stress at the tube wall, and 
sketch the shear stress distributions. 


Given: Data on pressure drops in flow in a tube 

Find: Which pressure drop is laminar flow, which turbulent 

Solution: 

Given data e i - هم وړ‎ CEN - 412a 
Ox m Ox m 


From Section 8-4, a force balance on a section of fluid leads to 


" 28 4g 
Hence for the two cases 
E D 
w1 4 P1 
= D 
w2 4 P2 


Because both flows are at the same nominal flow rate, the higher pressure drop must correspond to the turbulent flow, 
because, as indicated in Section 8-4, turbulent flows experience additional stresses. Also indicated in Section 8-4 is that 
for both flows the shear stress varies from zero at the centerline to the maximums computed above at the walls. 


The stress distributions are linear in both cases: Maximum at the walls and zero at the centerline. 
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Problem 9 31 


Given! Liquid Cort Vistas Lp and density of water in laminar 
fio 1 Smooth capilar Tbe. De 0, EX mm, Ln Sb mor. 


Pod: la) Ma xem Ce Volare Y loco rex EE. 
(b) Pressure dew? to prodtece this flous rott. 
(a) Corresponeling WOH Shear Stress. 


ea EVO VO -A 2022-42 ¿220 


— — = 


mA Y Aw FDY 
Thees (at T = 20°C) 


: y E l - 
Qe £300 7 YD = 23008, مل وا‎ om? ۵ , 9 ZS ښهر‎ ET پو به‎ to verle . & 
m EE e 
(This totes rate Corresponds هلا‎ 27.1 mb 7-532953. 


A forte balance an a fhaid element Shows! A 


ev Ob 

ER, = Ap TD - ورم‎ =0 P مس‎ AR 
y TwHOL 

or 


Ap = Tad 
' : Caa 
For laminar Pipe Flotd, اا‎ timox[ E ) J, fnrm E9. £/9. Thuas 
oe روا په‎ =- -Er = £4 Oo 
Tw s+ سو‎ mo SD og = Umar ( ۸ سب سي ور رم‎ : | 
But imc = ZV, SO Tw = اقب‎ a VL Ieu | 
2/2 2 D | 
A lso 
E Q z Fh 8 4 کہا ہا ×2 به ہے‎ 


i 
z 


Tel :‏ لتو ار 
و | mD“ TF 37 (0.00025 mr‏ 


Thus 


! سا‎ 
94 kg ېم( ما‎ i وس سه‎ à 
Tuy = 5۰۱ E In (96 Pa) Tus 


and | ۱ NE UE 


Po,‏ وس پو 


K 


A 
0.000 7] m~ 


= 238 kPa . Ap 
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Solution: Floto tu il be laminas for پټ‎ 2300. 


ETS 3 SQUARE 
ETS د‎ SQUARE 
ETS 3 SQUARE 


ur dar 
Na E 
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Say Na, 


yA T= CLTC 
Wer Masa wear Sus E ox ae vils ee = UA) 
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Ne si. WSL- F 
BOT CREE WER c ‘eae 


E ar - Saud NERA 
Vex Mises Las , A = SONNEN [A 
يی‎ " TNA 
uc )ې‎ (RN هچ‎ 
a پوه جوا‎ NY NOS me دا‎ X NS E د‎ E SGQN- 
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ond 
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م 


o 5, VR 
{= EN SAP Ga an - e 7 = N a 
X. m OS ^ 
= wl ۹ ېن‎ E -> 
5 = Ea p» دد د‎ SÊ ېکم ۷م‎ 
a = fS O ل7ک د‎ ۹7 SS 
CE ٢٢ SOR CAN EA CEN 
^ ESS | 
Wes د دا‎ p Nee ee دا‎ RN IS 


= 2 ۳ 1 | 
poe uu A Ses, K = = رو‎ Di cx es velot = C NS Xo 7 
Tron په سه‎ ee ner. 


س 
C X. NS = ea 7 . TE E‏ 
x E ¡GUN (XN | Radius Ratio for u = Vay,‏ 


0,77 


ete A) ait 
“le ۷ QS A. AS اد‎ 
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ars 
aria Nation "Band ag 


Problem 8.61 [3] 


8.61 Laufer [5] measured the following data for mean velocity In addition, Laufer measured the following data for mean velocity 
in fully developed turbulent pipe flow at Rey = 50,000: in fully developed turbulent pipe flow at Rey = 500,000: 
wU 0996 1 0.963 0937 0907 0.866 0.831 WU 0.997 0.988 0.975 0.959 0.934 0.908 
yr 0.898 0.794 0.691 0.588 0486 0.383 0.280 WR 0.898 0.794 0691 0.588 0.486 0.383 
TU 0792 0742 0700 0.650 0619 0.551 WU 0.874 0.847 0.818 0.771 0.736 0.690 
WR 0216 0.154 0093 0.062 0.041 0.024 WR 0280 0216 0.154 0093 0.000 0.037 


Using Excel's trendline analysis, fit each set of data to the 
"power-law" profile for turbulent flow, Eq. 8.22, and obtain a 
value of n for each set. Do the data tend to confirm the validity of 
Eq. 8.22? Plot the data and their corresponding trendlines on the 
same graph. 


Given: Data on mean velocity in fully developed turbulent flow 
Find: Trendlines for each set; values ofn for each set; plot 
Solution: 


VR 


y/R Equation 8.22 is 
z (yy د‎ 
o7 (3) -(1- ) 


R 


Mean Velocity Distributions in a Pipe 


1.0 


u/U 


0.01 0.10 1.00 
y/R 


+ Re=50,000 X Re=500,000 Power (Re = 500,000) ——— Power (Re = 50,000) 


Applying the Trendline analysis to each set of data: 


At Re = 50,000 At Re = 500,000 
wU = 1.017(y/R )™® uU =1.017(y/R +" 

with R? = 0.998 (high confidence) with R? = 0.999 (high confidence) 
Hence 1/n = 0.161 Hence 1/n = 0.117 


n-621. n-855 —— 


Both sets of data tend to confirm the validity of Eq. 8.22 
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[3] 


X ™ چا‎ ora of ers and 


Caen E ese Nas e 
AMO ت‎ kas as همه‎ Conlara o (UN. 
= KA * Ve Nea Ves. (qua) 
om are 
A = M 
ks NRO Gan 
Weak s ~ les ve Van 
SILA NEN, 
“> 
Vee eos. د د کو ه‎ of CANCES 
چا‎ WS 
Sx Qon Dms e3. 
pu 2 
Wu ¡A نه 9 د‎ 
پا‎ 
0.88 
Rey n Rey Vavg' U 0.86 
1.90E+04 6.00 1.50E+04 0.791 | : 
3.60E+04 6.50 2.90 +04 0.805 i 
6.85E+04 7.00 559804 7 i 0.84 
t29E«05 7.50 5 0.827 aug 
. 2. 455+05 8.00 2.05E+05 0,837 0.82 + 
4.65E+05 8.50 3.93E+05 0.845 | 
8.80E+05 9.00 7508705 0.853 0.80 
1.87E+06 9.50 1.44E+06 0.860 
3.16E+06 10.0 2.74E+06 0.866 
0.78 
1E+04 1E«05 


{E+06 1E*07 
Rey 


Problem 8.62 
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D ct 


[3] Part 2/2 


d x ea i - Bay Xo od 


Problem 8.63 
Ve AS e GSS X 


: A Cn 
X = ENCEN iret ta eee ed ON 
rey + 
E COS 
CER lan E 


i We qu LY 


Momentum Coefficient 
n B 
6.0 1.027 1:08 
6.5 1.023 
7.0 1.020 
7.5 1.048 ` B 102 
8.0 1.016 | 
8.5 1.014 | 
9.0 1.013 | 1.01 
9.5 4.012 
10.0 1.011 | 
i 1.00 
j 6 7 8 9 10 
n 
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Problem 8.64 [3] 


8.64 Consider fully developed laminar flow of water between 
stationary parallel plates. The maximum flow speed, plate spa- 
cing, and width are 20 ft/s, 0.075 in. and 1.25 in. respectively. 
Find the kinetic energy coefficient, x. 


Given: Laminar flow between parallel plates 
Find: Kinetic energy coefficient, œ 
Solution: 


Basic Equation: The kinetic energy coefficient, o is given by 


Í pV°dA 
a =A. (8.26b) 
mV 
From Section 8-2, for flow between parallel plates 
2 2 
3. 

U = Unal 1- 7ا ا‎ 1-| 
0 2 a, 
2 2 


: ~ = ېږ لا since‏ 


Substituting 
۸م‎ pu’dA 3 2 3 2 : 
1 = E — - =| (7) TOS way == (5) dy 
mV pVAV ۸٧۷ wa "AV ه٧‎ 
(2 
Then 
3 3 31 
JE ) y B E 
a= max d = 1 1 Yan 
a A uuu) \ V A 2 J 
EA 
where 77 = 7 
2 
Evaluating, 
2P_ 2 4 6 
(1-17) =1-37? «35 - 
The integral is then 


3 "O 2 د‎ 3 Í l 2716 
a=| =| [(1-37?+37* -n dn = " =“ D ibi 
B 1 7 +3 )وو و‎ >| n-i + on 7 = 
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Problem 5 [3] 
Given: Fully developed laminar flow in A circular tube, 


== 


mar 


Fond: Kinetic energy Coefficient, A. 


Solution: Apply definitiva of Kinetic 7 coeffic pent, 


e < Je viua ,m -gVA (9.26 b) 


v3ya 
Av" 


From the analyses Of Sechon 73, tor flow u A circular tube, 
4 = max | I~ CE)" = av[i-( y] sine Umax = EY 
States teat 19 info Eq. $.2Sh, 


TE J eva z Í pusca E 


KE / 
+ له هه‎ e - 2 LL de 
mv* Mao Ad (5) ea mi (EP eiredr 11 رر‎ dQ) 
Then i 1 
= 2 HE Lo 
es 2 | (e) Et = ety (17 dn where 7) e 
Evalu ak ng, ; 


733)? » - 79-3595 339 -»57 
The, integral 7 
i ES 
Ty” 3 3 / VO OE کے‎ 
J Gas ٧٢ ونر ونو اا - 2° لوک‎ 


Subshhdng, 


1 و‎ i 
XA = wf CEK, = ‘en g x č 
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4 SHEETS 5 SQUARE 
SHEETS 5 RU ARE 
SHEETS 5 SQUARE 
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Problem 8.66 


8.66 Show that the kinetic energy coefficient, x, for the “power 
law” turbulent velocity profile of Eq. 8.22 is given by Eq. 8.27. 
Plot x as a function of Rez, for Rez = 1 X 10* to 1 x 107. When 
analyzing pipe flow problems it is common practice to assume 
x 7: 1. Plot the error associated with this assumption as a function 
of Reg, for Reg = 1 X 10% to 1 X 107, 


Given: Definition of kinetic energy correction coefficient a 
Find: a for the power-law velocity profile; plot 
Solution: " 
pV dA 
Equation 8.26b is a= 7 
Mate’ Vav 


where V is the velocity, myate is the mass flow rate and V4, is the average velocity 


1 
DM 
For the power-law profile (Eq. 8.22) V= vfi - r) 
For the mass flow rate Mate = P REV ay 
: : 2 2 3 
Hence the denominator of Eq. 8.26b is Mate Vay = TOR ‘Vay 
3 
We next must evaluate the numerator of Eq. 8.26b | py dA = 2م‎ E = 3 dr 
R 
R 
3 
2 2 3 
2.1 1و‎ 
2م‎ des dr = pase دلا‎ e 
1 (3 +n)-(34+ 2-n) 
0 
: : r dr 
To integrate substitute m=1-— dm = — 
R R 
Then r=R(1-m) dr = —R:dm 
R 
3 0 
= 3 
n = 
3 r n 
02۰1١۱1 1 - 3 dr = -| p-2-7-R:(1—m)-m -Rdm 
1 
0 
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3 
: - —+1 
Hence p-V dA = p:2 eR. m'-m^ سه اا(‎ 


2.R^n^ p.m. U^‏ 8 ۵۸ ۷م 
n). (3 + 2-n)‏ + 3( 


| ۷م‎ dA —2RLÀm pm. U? 


Putting all these results together a = —— = APRA, 


2 2 3 
Mate’ Vav PTR ‘Vay 


y چو د‎ E 
lv (3+n)-(3+ 2-n) 


To plot a versus Reya, we use the following parametric relations 


n=-1.7+ 1.8-1og(Rey) (Eq. 8.23) 


V m 
LS y AM (Eq. 8.24) 
U (n+ 1): (2-n +1) 


3 2 
TN E "E — (Eq. 8.27) 
Vay} G+m(3+2n) 


A value of Rey leads to a value for n; this leads to a value for V4,/U; these lead to a value for Reyay and a 


The plots of a, and the error in assuming a = 1, versus Reyay are shown in the associated Excel workbook 
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82% 
57% 
5.9% 
5.4% 
51% 
10% 


3.7% 
3.5% 
3.1% 
2.8% 


2.50E+06 2.16E+06 


Jo Error 
| 8.2% | 
| 6.7% | 
| 5.9% | 
| 5.4% | 
| 5.1% | 
| 4.4% | 
| 3.7% | 
| 3.5% | 
| 2.8% | 
| 2.6% | 
2.5% | 


Problem 8.66 


8.66 Show that the kinetic energy coefficient, g, for the “power 
law” turbulent velocity profile of Eq. 8.22 is given by Eq. 8.27. 
Plot x as a function of Rey, for Rey = 1 X 10* to 1 X 107. When 
analyzing pipe flow problems it is common practice to assume 
x ھ‎ 1. Plot the error associated with this assumption as a function 
of Reg, for Rez = 1 X 10* to 1 X 107. 


Given: Definition of kinetic energy correction coefficient o 
Find: a for the power-law velocity profile: plot 
Solution: 
n=-17+ 1.8-log(Re,) (Eq. 8.23) 
Var la? 
E 7 (Eq. 824) 
U (n + 1)-(2-n + 1) 
V 
= 
Revay = y Reu 
r 13 2 
28 8 
(Eq. 8.27) 


اخ 


“(3 +n)-(3+2-n) 


this leads to a value forV,,,/U; 2.6% 
these lead to a value for Re ya, and a 2.5% 
Kinetic Energy Coefficient 
vs Reynolds Number 
1.10 
x 
1.08 E 
8 X 
1.05 m X 
1.03 X Xx 
1.00 
1E+03 1E+04 1E+05 1E+06 1E+07 
Re Vav 
Error in assuming a = 1 
vs Reynolds Number 
10.0% 
x 
0 7596 
S x 
m X 
5.0% Xx x 
2.596 X xx 
0.096 
1E+03 1E+04 1E+05 1E+06 1E+07 
Re Vay 
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N- 
zg 
kg 


Problem 8.67 


8.67 Measurements are made for the flow configuration shown 
in Fig. 8.12. At the inlet, section (D. the pressure is 70 kPa (gage), 
the average velocity is 1.75 m/s, and the elevation is 2.25 m. At 
the outlet, section O the pressure, average velocity, and ele- 
vation are 45 kPa (gage), 3.5 m/s, and 3 m, respectively. Calcu- 
late the head loss in meters. Convert to units of energy per unit 
mass. 


Given: Data on flow through elbow 
Find: Head loss 
Solution: , ' 
: l د‎ Va p V2 hir 
Basic equation | — + د‎ —— +2 — +00 +z | = = = Hr 
ps 2-8 8 2-8 8 


Assumptions: 1) Steady flow 2) Incompressible flow 3) a at 1 and 2 is approximately 1 


4c od 
P1 7P2 1 Vi -V2 
pg 2g 


Then Ayr = *Z -Z9 


3N m? kg.m ې‎ 1 2 21 / : s 
Hip = (70-45) x 10 .— x x 28m ر‎ +1» 175 -3.5 ) —|x + (2.25 - 3)-m 
u^ 1000-kg SN 9.81.m 2 9.81-m 


2 


In terms of energy/mass hyp = gHr hip = 9815 x 1.33-m x 


: kg.m 
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Problem 8.68 


8.68 Water flows in a horizontal constant-area pipe; the pipe 
diameter is 50 mm and the average flow speed is 1.5 m/s. At the 
pipe inlet the gage pressure is 588 kPa, and the outlet is at atmo- 
spheric pressure. Determine the head loss in the pipe. If the pipe is 
now aligned so that the outlet is 25 m above the inlet, what will 
the inlet pressure need to be to maintain the same flow rate? If the 
pipe is now aligned so that the outlet is 25 m below the inlet, what 
will the inlet pressure need to be to maintain the same flow rate? 
Finally, how much lower than the inlet must the outlet be so that 
the same flow rate is maintained if both ends of the pipe are at 
atmospheric pressure (1.e., gravity feed)? 


Given: Data on flow in a pipe 
Find: Head loss for horizontal pipe; inlet pressure for different alignments; slope for gravity feed 
Solution: 
; ; kg 
Given or available data D = 50-mm p= 1000. 
m 
The governing equation between inlet (1) and exit (2) is 
2 2 
E n = 2 h (8.29) 
— + 04:—— +gz |-| —+Q9— + BZ] = : 
و‎ 871 p 27 872 IT 
Horizontal pipe data Py = 588-kPa Pp = 0-kPa (Gage pressures) 
Z4 = 2) V4 = Vo 
P1 P2 J 
Equation 8.29 becomes hip = hir = Dic 
p g 


For an inclined pipe with the same flow rate, the head loss will be the same as above; in addition we have the following new data 
Zz = 0m Z) = 25m 


Equation 8.29 becomes Py = Po + p-8(2) - 21) + 7 p, = 833-kPa 


For a declining pipe with the same flow rate, the head loss will be the same as above; in addition we have the following new data 


Z1 = 0-m Z) = -25-m 


343-kPa 


Equation 8.29 becomes Py = Po + p-8 (22 - 21) + phir P1 


For a gravity feed with the same flow rate, the head loss will be the same as above; in addition we have the following new data 


Py = 0-kPa (Gage) 


Equation 8.29 becomes Zy = 4 -— Zy = -60m 
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Problem 9 [2] 


8.69 For the flow configuration of Fig. 8.12, it is known that the 
head loss is 1 m. The pressure drop from inlet to outlet is 50 kPa, 
the velocity doubles from inlet to outlet, and the elevation in- 
crease is 2 m. Compute the inlet water velocity. 


Given: Data on flow through elbow 


Find: Inlet velocity 
Solution: > N 
: l P1 Y1 p ۷2 hir 
Basic equation — tQ — ال — ده‎ tZ25| = — = Hip 
Pg 2g 8م‎ 2g g 


24 P4 7P2 
Then v - vi = (2v1) - ee = N = Spi 702) * 2827 - 25) -2 gH 
p 
V4 = 
m m 
Vi, = -2)m -9.81.— x 1- V4 = 3.70— 
1 x (-2)-m E x 2 1 : 


S 
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Z17272 = 80. ft 
ft 

Vo = 7.88 — 
5 

Q = 309 gpm 


(From Table G.2 1 ft? = 7.48 gal) 
(351 — 309)-gpm = 42 gpm 


3 1-min 


D = 4-in 


and Q = 351 gpm 


i 7.48.gal 565 
x سا‎ X 


1-ft 


Problem 8.70 


8.70 Consider the pipe flow from the water tower of Example 8.7. 
After another 10 years the pipe roughness has increased such that 
the flow is fully turbulent and f = 0.04. Find by how much the flow 
rate is decreased. 


Given: Increased friction factor for water tower flow 
Find: How much flow is decreased 
Solution: 


Basic equation from Example 8.7 


where 


With f = 0.0308, we obtain 


We need to recompute with f = 0.04 


Hence 


ft 4 
Q = 788.— x 7 x (En 


5 12 


Hence the flow is decreased by 
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Problem 8.71 


8.71 Consider the pipe flow from the water tower of Problem 
8.70. To increase delivery, the pipe length is reduced from 600 ft 
to 300 ft (the flow is still fully turbulent and f = 0.04). What is 


the flow rate? 


Given: Increased friction factor for water tower flow, and reduced length 
Find: How much flow is decreased 
Solution: 


Basic equation from Example 8.7 


where now we have D = 4-in Z1 > Z9 = 80-ft 
; ft 1 ft 
We need to recompute with f = 0.04 Vo = 47 32.2- x 80-ft x zm Vo = 10.5— 
5 0,04. 28° 1] 44 : 
4 
12 
2 
Hence Q=V7A = Vy 
2 
ft 4 7.48-gal 60. 
ے0‎ 0 a eS نه‎ Q = 411gpm 
s 4 12 "s 1-min 


(From Table G.2 1 ft? = 7.48 gal) 
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Problem 2 [2] 


8.72 The average flow speed in a constant-diameter section of 
the Alaskan pipeline is 2.5 m/s. At the inlet, the pressure is 8.25 
MPa (gage) and the elevation is 45 m; at the outlet, the pressure is 
350 kPa (gage) and the elevation is 115 m. Calculate the head loss 
in this section of pipeline. 


Given: Data on flow through Alaskan pipeline 
Find: Head loss 
Solution: ] ] 
: P1 MI P2 V2 hir 
Basic equation + Q:—— + = يې‎ +2) | = — = Hr 
g 


Assumptions: 1) Steady flow 2) Incompressible flow 3) a at 1 and 2 is approximately 1 4) SG - 0.9 (Table A.2) 


01-02 
Then Hir = u t 2-725 
SGoil PH20'8 
3 2 

N 1 kg- 

Hyp = (8250 — 350) x لي‎ Ex 7 5 _ 4 (45-115) m Hyp = 825m 
2 09 1000-kg 2 9.81-m 
m s.N 
m Ne? kN-m 
In terms of energy/mass hy = 4-H hır = 9.81.— x 825-m x hr = 8.09. —— 
Sy IT = و‎ IT 2 kem IT kg 
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mee Problem 8.73 [2] 


Gsen s مو‎ ۰ 8َ E deos a p 
Nee. es د و یا‎ Sag. ASTANE 


As 2.30 : د‎ Wa 
Ve arr ews Sesa eo Ss 


د ووا : SAS‏ 


E a SR,‏ کخعا Snead‏ کم Aa Nen‏ ېه 


E Ad. js ۸ e a =. ٢۲ 


WV رمک‎ slo $ پمک لکا‎ R, BAK 
SS Ros NES دا‎ N mL & ub " E Mesure ed, ^ 


; Sen يې‎ © 
de asa n ES Me 
د په‎ Mag = رح‎ cm bs CESE 
Noe ر( هه د‎ A 
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Problem 4 E | 
A ا اول ودد در‎ She uU conos drach - ! 


| Mus, ۹یا‎ Ses lka 3 
End asi Dresse Rl e 2,= WA | 
| Pe +5 غه‎ 
Sauer: , xd SiS 
کسه‎ As RA I e 
| وچ ما‎ equation ) E a : حر ې‎ = VL as) 
WNeSos NOS: SD mues ٣ ۰ Seo. so E > | 


A LN danko همه‎ of m. 
| OS. See E O AMS 


-— S 


a 
E 
ES 
[um 
بت‎ 
E 
E] 
k 


Pasig Ra کو‎ = e*ex 


: = 
X. EEN 
~ QA RA NAR | پا‎ ves لو‎ 
| = سي‎ 
| کې‎ 


= GS * Mc? S په‎ OA. sna a, wR A * Co )پا‎ X AS 
د وه‎ X- 


— 


P= VE WR o, 
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Problem 8.75 [2] 


Given: bater How Gt Q*242rn Though A horizontal 5/5 in, 
dame ie garden host. Presseere dup yy L9 3 Y» Is /t,3 psc, 


Find! Head loss 


Soke fsa: mpauting Guahen LS 
7 (0) (3) lo 1E 
aCe LN PE ae 
her CPE (Gr ad tay.) 


Assump hens iO) Lata Ores ible Flew, So Y = Va- 


CD) مه‎ dere l0 ped <o d, tol, 
(3) hv 1307 ia], So 3,*3«. 


nM 1.44 Sit ص‎ IP 


— Má€—— 


her - Fiz fp کي‎ 


Alto 


A Ec eS 
A, د اک اش ري 4 247 د‎ 
LT 4. si PEA 28.4 Ff Her 
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z1 = 20m 


[3] 
@ 
D=15cm | 
(Elbows are flanged) | Free discharge 
z4 = 35 mM 
pa = 450 kPa 


Problem 8.76 


8.76 Water is pumped at the rate of 0.075 m/s from a reservoir 20 
m above a pump to a free discharge 35 m above the pump. The pres- 
sure on the intake side of the pump is 150 kPa and the pressure on 
the discharge side is 450 kPa. All pipes are commercial steel of 15 
cm diameter. Determine (a) the head supplied by the pump and (b) 
the total head loss between the pump and point of free discharge. 


p2= 150 kPa 
Given: Data on flow from reservoir 
Find: Head from pump; head loss 
Solution: P ] 
P3 Y Pa Va hr 
Basic equations — وسو د د‎ ٠ — tQ — +24| = — = Hip for flow from 3 to 4 
Pg 2g Pg 2g g 
2 2 
p ۷ p ۷ Ah 
= H MS FZ3 hid H شي‎ ٣29| = وس‎ Hpump for flow from 2 to 3 
Pg 2g pg 2g g 


Assumptions: 1) Steady flow 2) Incompressible flow 3) a at 1 and 2 is approximately 1 4) V> = V3 = V4 (constant area pipe) 


Then for th H ٢٢ 
en for the pump = 
pump 0-4 
3 2 
3 N m kg-m 5 
H = (450 - 150) x 10 رس‎ H = 30.6 
pump - ( p zu 1000-kg US. “Sila pump ji 
m s-N 
2 
m Ns N-m 
In terms of energy/mass hpump - £ Hpump hpump = 981-7 x 30.6-mx m hpump = a 
5 
P3- P4 
For the head loss from 3 to 4 Hir = + Z3 ¬ Z4 
3 2 
3 N m kg.m 
Hy = (450 - 0) x 10 -— x x x + (0 - 35)-m 
Ir = ¢ ) 2 1000kg 2 9.81-m ( ) Hır = 10.9m 
m s ‘N 
2 
m N:s N-m 
In terms of energy/mass hr = gH hy = 9.81.— x 10.9-m x hi = 107-—— 
Sy IT - 8 NT IT 2 kem IT kg 


S 
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— Problem 8.77 [es 


| Glen: Date measured in fully developed turbulent pipe flow at 
Ker = 50,000 1A Gir: 


0343 0318 0300 0264 0228 0221 0179 0152 40 


0.0082 00075 0.0071 0.0061 0.0055 0.0051 0.0041 0.0034 0.0030 | 


wjp Cim 


Te 9 g f HLS Qnae £ = 4 fb in. | 


H 

| Fwd: (a) £valuade best-fit value of da [du tropa plot. | 

| (5) Tw 7, ta dily | 
| 


17 i (c) Tu €aleuladed from Are trar factor. 
wee | Soluroni “eest ~ fit” Slope Is 1 ral S 

= z ; 3 = اد ود و‎ A | ps 

x || 0€) || BC) | ٢ U 
IP n 

wA. E 

an 19-20 


da " U y Cft) = 4,7 E x am د سي‎ ۹3 g 
ae Ral ie > Ubbi. Y 


1 


For standard Gun, ه‎ 3,7 ٧ 07 bts / ex so 


eu Ou 21۹/0  رئۀځاع‎ qo | -4 " 
tw Lage = A WB. Alo? irj 


Eriehoo tacto m fcf (Re, .ب‎ For REL. - 50,000, 
= 6.8 from Eq. 23. Thea frei &g E, 09, 


v Zn 


A, = ? r لب‎ Se n صر‎ ot j, Riz. EM, Scu 0,50 i 
U ing) Mar) IEIZ And Keg د‎ GI Key ooo = 40, 600 | 


ASSAIG SIMAO puo, Fa ,ځ‎ 2/9 fram Eg. 3 371 


7 $i y 7 5 : سر‎ : AL Pi p+ ونو‎ 

Balancing fortes ar û Fluid element: (prep) T2 >: | pre | 

7h Wer EN à. Cw HL 

Thea Cpt&p)7O'. cC, Tou ~~ TD". 

E ې‎ 
e — د‎ de 
| Tr È بب څه‎ B LY 2f. f teens bE, TRTE بپ‎ 1.960 se 
To IE ES a ند‎ Y 7 | 
1 


| که یاک‎ n | | 
Tuy = &. Del? 2 OLE مالک‎ (7. de)? AN Lan 80 کت‎ def fa~ La | 
es 443 oe وه"‎ E " 
| B : ey ; 
The cresce Caec o had arn the Friction, Pater 8 dS یا‎ higher Than That | 
evaluated graphically! 


1 

| 

| | 

' | 
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1 Problem 8.78 [2] 


Curen Sash. SE Cem وت یلا #چی که‎ 
a Gran Ase GAO, کا‎ uad Ras of 
oat oan Sep VS MORS Moe AS ېیای‎ gran 


Finds tores ve eS ae NALES * S 
, S war Tego- 
ko SCA CO "Noa. Ebo ced ` 3 2 
veru Sabon. | 
pm یا‎ drown ubra " Kon Nove, d^ سه ې‎ S.O08N5 mn 
اا‎ 
yearned e چک مټټ ه‎ 
قا‎ = 
a NS wi y= ew ul. Î EET. = 0.00» 


ES 
4238 an 
Mu 
Ap د‎ 
EET 
go 20 
Mace w LI. 


13.782 
اا وت‎ 
af ora! سم‎ te 1 
a2 
. lU. 


We deat (Ya. TA NT "‏ لاک مما 
drew €‏ دا Qm‏ که sss‏ 
ایا for Naso Bas Koal Ri‏ 


Vue Newer Qoo (Ree eo) Qe D مکو‎ & 
Ves no وو کمک‎ Se Sos ; l 
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(8.29) 


(8.34) 


Problem 8.79 


8.79 A smooth, 75-mm diameter pipe carries water (65°C) hori- 
zontally. When the mass flow rate is 0.075 kg/s, the pressure drop 
is measured to be 7.5 Pa per 100 m of pipe. Based on these 
measurements, what is the friction factor? What is the Reynolds 
number? Does this Reynolds number generally indicate laminar or 
turbulent flow? Is the flow actually laminar or turbulent? 


Given: Data on flow in a pipe 
Find: Friction factor; Reynolds number; if flow is laminar or turbulent 
Solution: 
; p Pa 
Given data D = 75-mm — = 0.075:— 
m 
From Appendix A p= 1000-58 = 4 دځ‎ 
m m 
The governing equations between inlet (1) and exit (2) are 
2 2 
Py Vi P2 V2 
— + د‎ — +gz |-| وچ وه + کس‎ 2 
m Ta 821 p 27 822 
2 
L 
D 2 
For a constant area pipe V,=Vo=V 
i P1 7P 
Hence Eqs. 8.29 and 8.34 become f = o s) - 2ے‎ A 
Ly P ۷م‎ L 
m 
For the velocity V= HE V= 0.017 2 
T p? 5 
P 4 
Hence f = 22.22 f = 0.0390 
۷م‎ P 
The Reynolds number is Re = pana Re = 3183 
p 


This Reynolds number indicates the flow is turbulent. 


(From Eq. 8.37, at this Reynolds number the friction factor for a smooth pipe is f= 0.043; the friction factor computed 
above thus indicates that, within experimental error, the flow corresponds to turbulent flow in a smooth pipe) 
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Problem 8.80 [3] 


8.80 Using Eqs. 8.36 and 8.37, generate the Moody chart of 
Fig. 8.13. 


Solution: 


Using the add-in function Friction factor from the web site 


L—5- ] 9T 000607 | 00005 | 0007 | 93x [0008 [ 99: [ 99 ] 99 ] 


لول لل لال 


Friction Factor vs Reynolds Number 
1.000 +== 
0.100 + 
f 
0.010 E —0.0002  =—=0.0005 : 
E ——0.001 — ——0002 اج‎ 
[] — eos مس‎ 1 | * D 
| | —o0 —0.04 | Ne 7 NT BEEF merit 
0.001 T TTTTTTTT T TTT l GIA 1 I E I | ١٨ pol m Re 
1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07 — 6868 
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Problem 8.81 


8.81 The Colebrook equation (Eq. 8.37) for computing the tur- 
bulent friction factor is implicit in f. An explicit expression [30] 
that gives reasonable accuracy is 
z EA ENIT ERE 7] 

Compare the accuracy of this expression for f with Eq. 8.37 by 
computing the percentage discrepancy as a function of Re and 
elD, for Re = 10* to 10%, and e/D = 0, 0.0001, 0.001, 0.01, and 
0.05. What is the maximum discrepancy for these Re and e/D 
values? Plot fagainst Re with e/D as a parameter. 


Using the above formula for fọ, and Eq. 8.37 for fı 


L—5- ] o 9T 99x: | 00005 99 | 93x [ 995 [ 99: [ 99 [ 99 ] 


RE |_| 


Using the add-in function Friction factor from the Web 


Cæ] o 9 T 00007 | 00005 | 0007 | (3x [ oos [ 99: [ 99 [0857] 


ee _——_——_—__—__ _ ____ > 


http://librosysolucionarios.net 


The error can now be computed 


L—5- ] o 9T 00007 | 00005 | 0007 [0002 [ 995 [ 99: [ 99 [0857] 


ee APS A 


The maximum discrepancy is 2.12% at Re = 10,000 and e/D = 0.01 


0.100 


e/D =0 
— —e/D=0.0001 
= = = e/D=0.0002 
== = e/D=0.0005 
e/D = 0.001 
— —€/D = 0.002 
= = = e/D=0.005 
ET e/D = 0.01 
— —€/D = 0.02 

- = = e/D=0.05 
0.001 ———— A ; —— 
1E+04 1E+05 1E+06 1E+07 1E+08 


0.010 4 
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Problem 8.82 


8.82 We saw in Section 8-7 that instead of the implicit Cole- 
brook equation (Eq. 8.37) for computing the turbulent friction 
factor f, an explicit expression that gives reasonable accuracy is 
[ ١ : 
1 ` e/D 6.9 
— =—1.8log) |— يسار‎ 
vÍ 3.7 Re 


Compare the accuracy of this expression for f with Eq. 8.37 by 
computing the percentage discrepancy as a function of Re and e/D, 
for Re = 10* to 10°, and e/D = 0, 0.0001, 0.001, 0.01, and 0.05. 
What is the maximum discrepancy for these Re and e/D values? 
Plot f against Re with e/D as a parameter. 


Using the above formula for fọ, and Eq. 8.37 for fı 


Cæ] o 9 T ooo | 00005 | 0007 | 0007 [ 995 [ 99: [ 99 ] 99 ] 


[o Re || 


Using the add-in function Friction factor from the Web 


L—5- ] o 9 T 00007 | 00005 $9 | (3x [ 995 [ 99: [ 99 ] 99 ] 


ee ————————————————————À 
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The error can now be computed 


Ca] o 9T 59x | 00005 | 0007 | 99x [0008 [ 99: [ 99 [0857] 


لت لل Eme‏ لل لال 


The maximum discrepancy is 1.42% at Re = 100,000 and e/D = 0.0002 


0.100 


mmummmmu‏ سر 


e/D - 0 
— -—-e|D = 0.0001 
= = = e/D - 0.0002 
— = e/D=0.0005 
e/D = 0.001 
— —€/D = 0.002 
= = = e/D=0.005 
-— e/D = 0.01 
— —e€/D=0.02 

= = = e0 = 0.05 

0.001 سب چچست‎ Á—— وب‎ i — 
1E+04 1E+05 1E+06 1E+07 1E+08 


0.010 - 
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Problem 8.83 
Given: Moody diagram gives Darcy trichen tacter, f. 


Fanning Ye زا بل‎ factor Is fe = " 


حم 


i Find i Rt tate DAE and Fann وم‎ frichan factors Thr Foley deve lope y 
pipe flow. Shows f ۸۱ 


Solution: tonsider exp iet niea d Lv atan Fluid in Pipe; Apply 
Forte balance, et ووو ېو‎ of f. 
Basic eguañons (ERA =o 


سي بب پټ a‏ مس æ‏ ا 


= LA y” 
Lp £5 f Tw TDL 


From the force 6a fece, 


2 à = 22 
ELE, ~ Tw TOL - p 82 20 or Tw m ود‎ 


9 ۱ ګ ٢‏ دطهاک 
rteV'L v*‏ 2- 
But‏ 
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Pes Problem 8.84 2 


Given: luater flow through, sudden entacgement forn Sn yo Somn | 
diameter. @ = 183 I ters PE muet. 


Find! م٢‎ ۸٣۸ rise Across EN IAr SOME? 
Comper uar buith vale for fes hon feed fia. 


i Solution : Apply ENS رس‎ CG ua Tori tyr E qt, Flows . 


Computing eguaton: P nates f esi P Po, Ve ود‎ a 


Assumphons | (0 Steacky Flow pe RM | 
(2) fntompressi&le Flors | 
3) Uniform {los at tach :و ه4ک‎ Ay O | | 
(4) Horizontal ahan 


1 Then 


£p, = وک‎ E: f hes. 


E 


= = = E E 4 
Fron continuity, Via,» VAL so ٧-۷ A WE): = VCR) 


: ارم بی‎ i = 
From Fig. EIH, at AR s Gs T, KOSS, 
TET AG isi. n 2.55 m 
£5 او‎ LAME uA a is 


SESH F, 


| l p-p, = 2 - i 2 1e "Lie arr x] 


= by ۹۹٧٩ Y CEST = i IR بک‎ N.&* | 
im as E سه رخ و‎ "n PE = # ——— i 
g> tain 


| m> 


RA‏ 122 = بوا 


For FrictaAtss Flous, & FO, dad | 


P 4 d T A FAN 2 Y "m Sd 
fbi *]- 3.0% kPa ii 
CUM A DM Uu ET 
Thus Abo eiua! O e 


| m a - = Û. 403 ar Go, - fo Patio 
| AP rr fen sé $3.6 
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Problem 8.85 [2] 


8.85 Water flows at 0.003 mm"/s through a gradual contraction, 
in which the pipe diameter is reduced from 5 cm to 2.5 cm, with a 
120° included angle. If the pressure before the contraction is 200 
kPa, estimate the pressure after the contraction. Recompute the 
answer if the included angle is changed to 180° (a sudden 
contraction). 


Given: Flow through gradual contraction 
Find: Pressure after contraction; compare to sudden contraction 
Solution: ; 
l د‎ | P2 سل‎ V2 
Basic equations — +a—— + gZ — +a—— + 8:27 | = hm h2K— Q=V:A 
p 2 2 2 
Assumptions: 1) Steady flow 2) Incompressible flow 3) o at 1 and 2 is approximately 1 4) Horizontal 
: A2 (P2 xg 
For an included angle of 120 and an area ratio 5 - a = | E ) = 0.25 we find from Table 8..K = 0.27 
1 1 
2 2 2 
. P1 V1 | |P2 V2 ya : 4-Q 4 
Hence the energy equation becomes | — + —— — + — | = K-— with Vi = Vo= 
0 : 0 2 2 T-D 2 TD A 
1 2 
2 
p 2 2 8-p-Q |(1+K) 1 
P2 = py - [0 19:۷ ٧ = py - —— || بو‎ - — 
2 2 4 4 
D? Dı 
2 
3 N 8 kg 0.003-mm^ 1m g 1 1 Nes? 
Py = 200 x 10 E 10007 x [A x (+0.27) x — x 
m r m à 7 (0005-m)! (0.05:m)"] ۳٧ 
p» = 200-kPa No change because the flow rate is miniscule! 
Repeating the above analysis for an included angle of 180° (sudden contraction) K = 0.41 
2 
3 N 8 kg 0.003-mm?> 1m ? 1 1 Nes” 
Py = 200 x 10 = يساب‎ × 1000. x eon (ees) x (+0.41) x — — x 
m^ « m : ee (0025-m) (0.05-m)"|_ ۳٠ 
p» = 200-kPa No change because the flow rate is miniscule! 
m mm 
The flow rate has a typo: it is much too small, and should be Q = 0.003. — not Q = 0.003: 
5 5 
a 2 
N 8 k 0.003- 1 1 N- 
Py = 200 x 10" کے‎ TERE x | (140.27) —— ST |x i NS 
m^ m« m : (0025-m)^ (005m) | ٥" EI 
Repeating the above analysis for an included angle of 180? (sudden contraction) K = 0.41 
3N 8 k 0 003-m^ : 1 1 Nes” 
Py = 200x 10 کے ساسا‎ × 100-8 x | x E 041) x ——— - — —À |x p2 = 175-kPa 
m^ m m 3 (0025-m)^ (005m) K&m 


There is slightly more loss in the sudden contraction 
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Problem 8.86 [2] 


8.86 Air at standard conditions flows through a sudden expan- 


Expansion 
sion in a circular duct. The upstream and downstream duct diam- E 
eters are 75 mm and 225 mm, respectively. The pressure m ds 
downstream is 5 mm of water higher than that upstream. Deter- 
mine the average speed of the air approaching the expansion and AR = AA; 
the volume flow rate. 
Given: Flow through sudden expansion 
Find: Inlet speed; Volume flow rate 
Solution: : , , 
l INS P2 ۷2 MI 
Basic equations | — 4 Bele 871 — + دون‎ + g25 | = Mm him = STE Q-V.A Ap = ۵۸م رېم‎ 
p p 
Assumptions: 1) Steady flow 2) Incompressible flow 3) a at 1 and 2 is approximately 1 4) Horizontal 
Hence the energy equation becomes 
2 2 2 
Pı V1 P2 Vo ٧ 
p 2 p 2 2 
A 
From continuity V, = V;-— = VAR 
A2 
2 2 2 2 
Hence Pi V1 P2 VAR V1 
— +— | -| — + —— | = K— 
p 2 p 2 2 
DiY (7s 
Solving for V4 V4 = AR =|—] =|—| =0.111 so from Fig. 8.14 K = 0.8 
Dy 225 
kg m 5 N-s 
Also -p = -g-Ah = 1000-— x 9.81-— x ——-mx = 49.1-Pa 
P2~ Pi = PH20'8 3 2 1000 kgm 
m 5 
N m 1 kg-m m 
Hence V4 = [2x 9 x x EN x 8 : V4 = م20‎ 
m 1238 (1 0112-08) Ns s 
2 
TD 2 3 3 
1 T 75 m m m 
= VA, = NN = —x|—- x 20.6.— = 0.0910. — = 5.46.—— 
8 1 4 1 4 lus S 2 5 E min 
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Problem 8.87 [2] 


8.87 Water flows through a 2-in. diameter tube that suddenly Contraction 
contracts to 1 in. diameter. The pressure drop across the contrac- 
tion is 0.5 psi. Determine the volume flow rate. "P. 
AR = Aldı 
Given: Flow through sudden contraction 
Find: Volume flow rate 
Solution: , , ; 
p ۷ p M M 
: : 1 1 2 2 2 
Basic equations | — 4 -— 71 — + ME +8:Z7 | = Mm him = وو‎ Q =V-A 


Assumptions: 1) Steady flow 2) Incompressible flow 3) a at 1 and 2 is approximately 1 4) Horizontal 


Hence the energy equation becomes 


2 2 2 
د‎ Vi P2 Y M^ 
p 2 p 2 2 
A2 
From continuity V4 = VA = Vy AR 
1 
2 2 2 2 
Hence P1 , V2 ‘AR P2 " Vo 1 Ya 
0 2 0 2 2 
Solving for V; V» = so from Fig. 8.14 K = 0.4 
bf (izin f 1 slug: ft ft 
Hence Vo = ار‎ ) meng JNE MITE dé 8 2 Vo = 7.45.— 
id N Efe)  194sug (| 090404) mf, 5 
mD 2 3 3 
2 T 1 ft ft ft 
= VA», = -V = — x| —-ft| x 7.45-— = 0.0406. — = 2.44. — = 18.2gpm 
a 2 4 2 4 E S È 5 E min 2 a 
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[2] 


(8.29) 


(8.40a) 


Problem 8.88 


8.88 In an undergraduate laboratory you have been assigned the 
task of developing a crude flow meter for measuring the flow in a 
400-mm diameter water pipe system. You are to install a 200-mm 
diameter section of pipe, and a water manometer to measure the 
pressure drop at the sudden contraction. Derive an expression for 
the theoretical calibration constant k in Q=k VAh, where O is 
the volume flow rate in L/min, and Ah is the manometer deflection 
in mm. Plot the theoretical calibration curve for a flow rate range 
of 0 to 200 L/min. Would you expect this to be a practical device 
for measuring flow rate? 


Given: Data on a pipe sudden contraction 

Find: Theoretical calibration constant; plot 

Solution: 

Given data D, = 400-mm Dy ے‎ 76 


The governing equations between inlet (1) مه‎ exit (2) are 


2 2 
P1 V1 P2 V2 " 
— + ووخ د‎ g72 | - | کس‎ +05-— + gz5|- 
د‎ Ta 521 p 27 872 1 
Vs 
where hj = K.— 
2 
Hence the pressure drop is (assuming a = 1) 
v; vy Vo 
P =P, —P2 =P 2 2 2 
T 2 T 2 
For the sudden contraction Yi = Wa =Q 
Dy * 
Or V42 Vi] — 
2 1 B 
2 
EY, (P1 
so Ap = ——|| — | (1+K)-1 
2 || Dy 
For the pressure drop we can use the manometer equation 
Ap = p-g:-Ah 
2 4 
px. 1 
Hence p-g-Ah = ———-|| — | (1+K)-1 
2 || 7 
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2 4 
: اه‎ 
In terms of flow rate Q p-g-Ah = 0 AE = (1+K)-1 


2 fx p? 5 2 
4 1 
4 
2 |(D 
. 1 
or g-Ah = 0 = (1+K)-1 
Hence for flow rate Q we find Q = k/ Ah 


where 
D2 

For K, we need the aspect ratio AR AR = | — AR = 0.25 
Dı 

From Fig. 8.15 K = 0.4 


Using this in the expression for k, with the other given values 


For Ah in mm and Q in L/min k = 228 


The plot of theoretical Q versus flow rate Ah is shown in the associated Excel workbook 
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Problem 8 


8.88 In an undergraduate laboratory you have been assigned the 
task of developing a crude flow meter for measuring the flow in a 
400-mm diameter water pipe system. You are to install a 200-mm 
diameter section of pipe, and a water manometer to measure the 
pressure drop at the sudden contraction. Derive an expression for 
the theoretical calibration constant k in Q = k VAh, where O is 
the volume flow rate in L/min, and Ah is the manometer deflection 
in mm. Plot the theoretical calibration curve for a flow rate range 
of 0 to 200 L/min. Would you expect this to be a practical device 
for measuring flow rate? 


Given: Data on a pipe sudden contraction 
Find: Theoretical calibration constant: plot 
Solution: 
D,= 400 mm Q = k- Ah 
D,= 200 mm 
K= 0.4 2. 4 The values for Ah are quite low; 
gm Di x 
ls this would not be a good meter - 
k= 228 L/min/mm'” 


In addition, it is non-linear.‏ سا 
7 


- 


Di : it is not sensitive enough. 
8. (1+K)-1 


Calibration Curve fora 
Sudden Contraction Flow Meter 

1000 
E 
E 
d 
o 100 

10 T 1 
0.01 0.10 1.00 
Ah (mm) 
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[3] 


Problem 8.89 


8.89 Flow through a sudden contraction is shown. The minimum 


flow area at the vena contracta is given in terms of the area ratio 
by the contraction coefficient [31], Flow = 


Ac (2) 

C: = — = 0.62 + 0.38| = 

A2 Aj 

The loss in a sudden contraction is mostly a result of the vena con- 

tracta: The fluid accelerates into the contraction, there is flow sep- 

aration (as shown by the dashed lines), and the vena contracta acts 

as a miniature sudden expansion with significant secondary flow 

losses. Use these assumptions to obtain and plot estimates of the 

minor loss coefficient for a sudden contraction, and compare with 
the data presented in Fig. 8.15. 


Given: Contraction coefficient for sudden contraction 
Find: Expression for minor head loss; compare with Fig. 8.15; plot 
Solution: 


We analyse the loss at the "sudden expansion" at the vena contracta 


The governing CV equations (mass, momentum, and energy) are 


0 e f =- = 
— n V-dA=0 
01 Joy? aac مي‎ 


0 — جر‎ 
F, = Es, + Fg, = s up ال‎ + 8 upV -dA 


01 
. 7 " نه‎ or E f y? 5 - 
Ó = Ws رد‎ — aer = => ie epd¥ + 0 u + po +82 pV: dÀ (4.56) 
Assume: 1) Steady flow 2) Incompressible flow 3) Uniform flow at each section 4) Horizontal: no body force 


5) No shaft work 6) Neglect viscous friction 7) Neglect gravity 


The mass equation becomes ۷ ۸٨, = VA) 
The momentum equation becomes PA) —P7:A) = ۷ )- ۷۵۰ + V2(p-V2:A)) 
Ac 
or (using Eq. 1) Pe = P2 = P Ve (V2 - Ve) 
A2 
Pc 2 P2 2 
The energy equation becomes Qrate = | te + — + Ve م-).‎ ۷۵ *[Uu5* — + Vo (P V2:^2) 
p p 
2 2 
Qrate Vc - V2 حم‎ 
or (using Eq. 1) Him = U2 = Ue = = ——— + 
Mrate 2 
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Ve -V2 Ac 
Combining Eqs. 2 and 3 him = CE + Me NO = Ve) 
2 
2 2 
Ve V2 2 Ac |[ V2 
hm —]|1-|—||*WVe—5—|- 
2 c Ag (Ve 
A V 
From Eq. 1 Ce = GESS E 
Az Ve 
2 
Ve 2 2 
Hence him = —(-« )*ve Ce (Cc - 1) 
2 
h Ve 2 2 
im = و‎ 1- Cc + 2.Cc —2-C, 
2 
h M: 1-C 1 )4( 
Im + 2 ( o) 
2 2 2 2 
V2 Ve [ V2 Mea 
But we have him = K— = K——|—| =K-—-C, (5) 
2 2-17 2 
(1-¢,)° 
Hence, comparing Eqs. 4 and 5 K- 2 
Cc 
1 2 
So, finally Kop 
8 
A> : 
where C, = 0.62 + 0.38- re 
1 


This result, and the curve of Fig. 8.15, are shown in the associated Excel workbook. The agreement is reasonable. 
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Problem 9 31 


8.89 Flow through a sudden contraction is shown. The minimum 


flow area at the vena contracta is given in terms of the area ratio 
by contraction coefficient [31], 
y the contraction coefficient [31] Flow = 


The loss in a sudden contraction is mostly a result of the vena con- c 
tracta: The fluid accelerates into the contraction, there is flow sep- 

aration (as shown by the dashed lines), and the vena contracta acts 

as a miniature sudden expansion with significant secondary flow 

losses. Use these assumptions to obtain and plot estimates of the 

minor loss coefficient for a sudden contraction, and compare with 

the data presented in Fig. 8.15. 


Given: Contraction coefficient for sudden contraction 
Find: Expression for minor head loss; compare with Fig. 8.15; plot 
Solution: 
The CV analysis le 1 2 
K=|=-1 
: 
A, Y 
C, = 0.62 + 0381 — 
A1 


Loss Coefficient for a 
| 0.0 | 0376 | 0.50 | Sudden Contraction 
| 01 [osa] | 

[ 02 | 0366 | 040 | 1.0 - 
[ 03 |034| | 

| 0.4 [| 0305 | 030 | 0.8 4 — Theoretical Curve 


os [om] | ۴ X Fig 8.15 
05 X 

os [oo | | 

os [oor | 00r 
[ 10 [0000 | 000 | 03- 


(Data from Fig. 8.15 0.0 | | | 


is "eyeballed") 
Agreement is reasonable 0.00 0.25 0.50 0.75 1.00 
Area Ratio AR 
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Problem 0 [2] 


8.90 Water flows from the tank shown through a very short 
pipe. Assume the flow is quasi-steady. Estimate the flow rate at 
the instant shown. How could you improve the flow system if a 
larger flow rate were desired? 


Given: Flow through short pipe 

Find: Volume flow rate; How to improve flow rate 

Solution: , , , , 

Basic equations a «a Mi E ٠ 2 h h hy +h f L "2 +K 2 Q-V.A 
— +a— + £z — د رو‎ — + gz5|- = نه متا‎ = Vy. 
7 د‎ 871 a z "8*5 IT IT A Ahn AS : 


Assumptions: 1) Steady flow 2) Incompressible flow 3) a at 1 and 2 is approximately 1 4) L << so ignore hy 5) Reentrant 


Hence between the free surface (Point 1) and the exit (2) the energy equation becomes 


Ag 
From continuity Vi =V a 


Hence —. 


Solving for V2 V, = and from Table 8.2 K = 0.78 


Hence 


2 3 3 
1: - 
Q = VA» Q = 3.33- x 350-mm?x | لل‎ — üsidexdg = Q = 0.070 —— 

5 1000-mm 5 min 


The flow rate could be increased by (1) rounding the entrance and/or (2) adding a diffuser (both somewhat expensive) 
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1 1 : 1 


Problem 8.91 ed |‏ | ووو 


٢ Ye eNeeso erda | UN |‏ ده fow‏ و رف اد وبس 


| 
“Oo = 275 Ro. d وښ‎ 


! i 
Noe ENE B= C005 شم‎ i | 
x (2) 

R = Raw 


Era ې‎ TEON Mena Ness cose S ie Ce Re ras 


PSSS Wye Qe BNET OM, e VEN Cor ead . په د وریا ۍک‎ 
Rige Los . =o | 


sein: UO ues SANA as N= = a a‏ وک چم 


umo e‏ می ېس SS‏ د 
EN Cua mi A E‏ 
XA A sy A‏ مه (BS unos e QUA ann TE Eta Nas‏ 


en 
سیه‎ National “Brand 


UA Use. OSA Pressures 


hes 
V ec s. نه ویک‎ ES ecu KU. LR CLODT |“ A 
DL uda ct be fe لد و و‎ Saw "٢ As 
Than 
دې چب‎ 2 | 
| bn 9 Rea LN ae A (2-> له‎ : 2a یا‎ > 
۳ ES EDS ro santa * E 
TAS ME | 
3 | 
i 
| AQ = O Man el 
i TOR 
= ~ At 
تا‎ ‘Ag e الد دود ود = 2۳ را : ا‎ QS wo AKAD K 
2 AI SI 
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Problem 2 [2]. 


Gwen: Air flou from a clean trom Though a duct of (> mm diameter, 


Original ; Moa ified: Ms 
f و‎ a D=ID mm 
0 o € 


- ME] rounded 
h, DL E Aam HD 


Prichon losses neg / ible, compared A et ana exit Losses, 


Find: Increase in Voheme for rate fov modi fied duet. 


Solution: Apply the energy equaten tor Stade, near re SS ible pipe Flos. 


| : (00) 
Computing equa hans: 5 $ £o دي‎ of 
etm +3 p 7*4. Y +4 ther 
A زېت‎ 


her = fa + htm ژ‎ hem = Kear VE j Ap fino Ah 


ASSumprhons : ÛU) o زي‎ ida fou at exit 
E) Neglect eleyathonchanges (4 Neglect Frichonal losses 
ap 4 Pop. Y? ل7‎ sa 
م ۰م‎ ٢ pra د ا‎ ا٤ب‎ kent) = Inh 
or B £e 
ES LRP 6ل‎ Oh 
Pr Kent) p i+ kent) f 
From Table 8,2, Keg = 0.5 for Square -edged, Kent = dax she pounded entrance, 
۷ = 99 : 2 l 
Y x 12. uS „ 0.0025 Ly = O45" nus ړ‎ : 
TRUE = | 55" Mita Ab, jon gS و‎ mls : 
Since Q - VA, then : 
AA (a Vda = (6.4 ss. DIN I 0.078 کار به‎ AQ 


The percentage Impro وره سا‎ is E | | 


x100 = x100 = 2o. é Percent 


x 0o "m M V 2 Hs Sc‏ 22 = مه 


[2 
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[3] 


Q = V-A 


Problem 8.93 


8.93 A water tank (open to the atmosphere) contains water to a 
depth of 10 ft. A Lin. diameter hole is punched in the bottom. 
Modeling the hole as square-edged, estimate the flow rate (gpm) 
exiting the tank. If you were to stick a short section of pipe into 
the hole, by how much would the flow rate change? If instead you 
were to machine the inside of the hole to give it a rounded edge 
(r = 0.01 in.), by how much would the flow rate change”? 


Given: Flow out of water tank 

Find: Volume flow rate using hole; Using short pipe section; Using rounded edge 

Solution: : , , , 

Basic equations P1 Q Mi P2 Q 22 h h hy + h f L 2 +K 2 
— + د‎ — +8z — to — + 8:25 | = = cope بس‎ 8 
0 2 SEI p ; +82 IT IT د‎ Bl FD” 2 


Assumptions: 1) Steady flow 2) Incompressible flow 3) a at 1 and 2 is approximately 1 4) V << 5) L << so h = 0 


Hence for all three cases, between the free surface (Point 1) and the exit (2) the energy equation becomes 


2 2 
AA 
BMC 2 


Solving for V; Vo= | PES 
+ 


From Table 8.2 Kyo}. = 0.5 fora hole (assumed to be square-edged) Kpipe = 0.78 for a short pipe (rentrant) 
Also, for a rounded edge 5 - sam = 0.02 so from Table 8.2 Kround = 8 


Hence for the hole V= 2x 3225 x 10-ft x E JP Vo= 20.7. 
(1 + 0.5) 5 


2 
ft 0.5 7.48-gal 0 
Q=VyA)  —Q=207=x=x|—4t] x ي9‎ ۷۷٧ Q = 12.7-gpm 
s 4 12 3 1min 
1-ft 
ft 1 ft 
Hence for the pipe V3 = [2x 32.2.— x 10-ft x — —— Vo = 19.0-— 
E (1 +0.78) 5 
2 
ft 0.5 7.48-gal 0 
Q=VyA) 0-190 راچ دا اي‎ E: ZE Q = 11.6-gpm 
s 4 12 Lf 1-min 


Hence the change in flow rate is 11.6 — 12.7 = —1.1-gpm The pipe leads to a LOWER flow rate 


Hence for the rounded Vo = |2x 322. x 10-ft x تب‎ V= 2.4.5 
2 (1 + 0.28) 5 
2 
ft 0.5 7.48-gal 60- 
Q=VyA)  Q-224-5xLx|—mR|x——9x——.  Qc-137gpm 
s 4 112 pg)  Lmin 


Hence the change in flow rate is 13.7 — 12.7 = 1.0-g9m The rounded edge leads to a HIGHER flow rate 
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150-mm‏ = وا 


(8.44) 


(8.42) 


(1) 


AR = 2.25 


Problem 8.94 


8.94 A conical diffuser is used to expand a pipe flow from a 
diameter of 100 mm to a diameter of 150 mm. Find the mini- 
mum length of the diffuser if we want a loss coefficient 


(a) Kaiffuser = 0.2, (b) Kaiffuser 7 


Data on inlet and exit diameters of diffuser 


Minimum lengths to satisfy requirements 


D4 - 7908 


Given: 


Find: 


Solution: 


Given data 


The governing equations for the diffuser are 


and 


Combining these we obtain an expression for the loss coefficient K 


1 


p 
AR 


2 
رلا 


Dj 


Kai- == 
2 


AR = 


The area ratio AR is 


The pressure recovery coefficient Cp is obtained from Eq. 1 above once we select K; then, with Cp and AR specified, the minimum value له‎ 
N/R, (where N is the length and R4 is the inlet radius) can be read from Fig. 8.15 


Cp = 0.602 
Ry = 50-mm 
N = 275-mm 
Cp = 0.452 
N = 150-mm 


1 
C, = 1-——-K 
p 2 

AR 
N Dj 
— =5 R = — 
Ri 2 
N = 5.5-Ry 

1 
C, = 1-— -K 
p 2 

AR 
N 
38 
Ry 
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K = 0.2 


From Fig. 8.15 


K = 0.35 


From Fig. 8.15 


(a) 


(b) 


Problem 8.95 [3] 


8.95 A conical diffuser of length 6 in. is used to expand a pipe 
flow from a diameter of 2 in. to a diameter of 3.5 in. For a water 
flow rate of 750 gal/min, estimate the static pressure rise. What is 
the approximate value of the loss coefficient? 


Given: Data on geometry of conical diffuser; flow rate 
Find: Static pressure rise; loss coefficient 
Solution: 2 2 
Basic equations C= A (8.41) hm, = K Y =(C 8 Y (8.44) Ch; = l (8.42) 
d P1 2T و درد د لاد د و وړو‎ 
2 

Given data D, = 2:in Dy = 3.5-in N = 6:in (N = length) Q = 750-gpm 
F Eq. 8.41 l Y 1 

rom Eq. 8. نود ات ورن‎ ‘Cy (1) 
Combining Eqs. 8.44 and 8.42 we obtain an expression for the loss coefficient K K = 1— => z Cp (2) 

AR 


The pressure recovery coefficient Cp for use in Eqs. 1 and 2 above is obtained from Fig. 8.15 once compute AR and the dimensionless 


length N/R, (where R; is the inlet radius) 


2 2 
رلا‎ 3.5 
The aspect ratio AR is AR = | — AR =|— AR = 3.06 

01 2 

D 
1 N 

Ry = — R = lin Hence — =6 
2 Ry 


From Fig. 8.15, with AR = 3.06 and the dimensionless length N/R, = 6, we find Cp = 6 


3 : 2 
To complete the calculations we need V4 V4 = Q VQ = ud x 750. EL x و د‎ x شن‎ x mE ړ۷‎ = 76.6. 
Tm 2 T min  7.48:gal  60:s 2 5 
—Dj —-ft 
4 12 
We can now compute the pressure rise and loss coefficient from Eqs. 1and2 Ap = T BEA Cp 
2 2 2 
1 1 ft lbf - 1-ft 
Ap = Ż x 1.9428 «(766—| x0.6x —— x Ap = 23.7-psi 
2 f° 5 slug-ft \12-in 
1 1 
K = 1- — -C K = 1- —— -0.6 K = 0.293 
2 P 2 
AR 3.06 
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Problem 6 [4 


Gwen: Air Fans From a clean room Through a duct of Simm ameter. 


Original E sr Modihedd: 
D x کل‎ 0 mm i 


. . & 
کلخوا رل‎ 
hih, = 2,۳ mm Ao i " 


hi-hs = Z Cmm Ho 
Neg lect frichon losses UE ^ ^ minor "losses, 


Bnd: (a) Area rato 70 angh *y o0 له 22 ووی هم‎ ofer 
(6) Flota pate tyr modified syshm. 
Solution: Apply the energy equation tre Soy, incompressibte pipe / 
۰ S pfi) 


#0, - _ p -å ` h / to وا‎ 
6 ids i JL. +? LAT lor to sechon 3) 
+) 


os 
her = 22 htm j hem * Kent thea iffuser j Ab = ریم“‎ A^ 


From ورت‎ hearetuser = Y [722 z | 


Assumphons: (1) Y د‎ 8) Uniform Flow a+ tach sechon 
(2) Neglect 43 e» Neglect frichonal fosses 


Compre 79 equahons: 


For the origenal Satem, Pi E Ve + Keng Y y 5 y = Ane 2-45 و‎ 
E ES : . e 1 


Thus 


Z =| Sn Cons =| ,97% 
۷ فو و‎ wp x? E. 7820 diii 77 = 5,5 mls: 
For the modified system, Pimps i و ناي‎ DEN 7 

7 e haig] WV di 6] 
since, Vy > ها‎ , Thus the bes دوو‎ has the highest dp > 


From Fag, 8.16, LR f(MIR,, AR). uf, E EN fp, = = d. وه‎ -— from The hguere, tne 
best differ 15 itm. 
Gp * DOL At AR 2.7 aad 2p ic deg 


For tne ntodifred System, o 1 ي‎ | 


v oir ftnt gar RE SLT: Ms ¿0.0095 - 
E | ۶ kent = و‎ É E | ۴ ۵,60 - E 2 « E ues 71m 


4۸4 
Q= Va, = 9% ph, us = 2 mls 


PERLE 
Sur 
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The | ‘ A v 
1 € NONEM P 15 اسوه‎ x ¿00 = D xen = 391 Percent more y 


Problem 8.97 [3] 


8.97 By applying the basic equations to a control volume start- 
ing at the expansion and ending downstream, analyze flow 
through a sudden expansion (assume the inlet pressure p, acts on 
the area A) at the expansion). Develop an expression for and plot 
the minor head loss across the expansion as a function of area 
ratio, and compare with the data of Fig. 8.15. 


Given: Sudden expansion 
Find: Expression for minor head loss; compare with Fig. 8.15; plot 
Solution: 


The governing CV equations (mass, momentum, and energy) are 


ar BENE 
— Y + V-dA=0 2 
or js la? CELD 
R=E +h, =| spatii ښف اور‎ 4.18 
x = Es, + Fg, = 3i UN u p d + Jue d (4.18a) 
٩ a ۷ or "D u y? 3: T , 
O — V, رو د‎ = = m e pd + ا‎ la + pu ++ gz |pV -dA (4.56) 
Assume: 1) Steady flow 2) Incompressible flow 3) Uniform flow at each section 4) Horizontal: no body force 


5) No shaft work 6) Neglect viscous friction 7) Neglect gravity 


The mass equation becomes ۷ Ay = VA) (1) 
The momentum equation becomes Py Ag = Po Ag = Vy(-e VrA1) t V2(p-V2:A)) 

Ay 
or (using Eq. 1) P1 - رم‎ = eVry qua - Vi) (2) 

2 
P1 2 P2 2 
The energy equation becomes Qrate = | u1 +— + V1 م-).‎ V1:A1) +| u +— + V5 :(p-V2:A)) 
p p 


2 2 
Qrate V1 7V2  P17P2 
or (using Eq. 1) him = U2 =U, - = چو‎ NM d 
Mrate p 


(3) 


Combining Eqs. 2 and 3 him = == + ه٢‎ = Vi) 
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From Eq. 1 AR = — = — 


۷ 
1 
Hence him = >h B AR?) + VAR: (AR -1) 


2 
۷ 


him = >h — AR? تمه 2ب‎ - 2.AR) 


vy 2 vy 
him - Es = (1— AR) U3 


Finally K = (1- AR? 


This result, and the curve of Fig. 8.15, are shown in the associated Excel workbook. The agreement is excellent 
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Problem 7 Bl 


8.97 By applying the basic equations to a control volume start- 
ing at the expansion and ending downstream, analyze flow 
through a sudden expansion (assume the inlet pressure p, acts on 
the area A» at the expansion). Develop an expression for and plot 
the minor head loss across the expansion as a function of area 
ratio, and compare with the data of Fig. 8.15. 


Given: Sudden expansion 
Find: Expression for minor head loss; compare with Fig. 8.15: plot 
Solution: 


From the CV analysis 


2 
K = (1- AR 


Loss Coefficient for a 


Sudden Expansion 
| 00 | 1.00 | 100 | 
[01 | o8 | | E 
[ 02 | 064 | 060 | 
| 03 | 049 | | 0.8 - 
K 


= Theoretical Curve 


X Fig.8.15 


os [oie | | 0.5 > 
07 | 009 | 07 
os [oa | | 03. 
os | oor | o0 
[10 | 006-1067 


0.0 
(Data from Fig. 8.15 0.00 0.25 0.50 0.75 1.00 


is "eyeballed") Area Ratio AR 
Agreement is excellent 
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Problem 8.98 [3] 


Given: Water at 45°C enters a shower head through a circular tube with 15.8 mm inside 
diameter. The water leaves in 24 streams, each of 1.05 mm diameter, The volume 
پس‎ : flow rate is 5.67 L/min. 


Find: (a) Estimate of the minimum water pressure needed at the inlet to the shower head. 
(b) Force needed to hold the shower head onto the end of the circular tube, indicating 
clearly whether this is a compression or a tension force. 


weve | Solution: 45, ly Phe energiy هوه‎ hin for steady, inconprtssible pipe Flow, and 

ae the X component of momentun using The CV shown, 

— ASSUME) U) Steal flow l d= 1,05 mm A Ev — 

m (2) Intompre sible flow PEE EUR D 5.8 7 
ER (١ G) Neglect changes nz 9 

HS (4) Uniform flow! ot =, په‎ / © | " 


e (5) Use gage pressures 24 tra کو‎ 


i MER Za i 1 
; zd "o(gogel ie, Y : 
bl rre f 


O 7 
2 har . * hem Ar” 24 De „ 2.08» (o9 m* di 
4 Ant J. 86 xio im? 
7-4 EL _ y ZÈ emma 
٢ 8 t ES xp ian eias "007 mE 
مر‎ Ve = V, As = 2 47 Me kk تب سو‎ usq mis 


Use K 205, for a square -edged ohie, p * kg [m3 (Table 4.8), Thea 
ير +“( د سا‎ Y ya = ES Y] 


fide 0ه‎ HOSILASI (my His = 15.5 ھعا‎ Gage) t, 


$$$ 


Use momentam to find force: 
tole) xA) 


fon agua nea E Esy + " r E [tav ۶ ev: da 
Assume: (6) Fay =ð 
P aptae. | | 
Then Ry “bg * uu fpa] tu rea] = -Vg-pap+Cudera} = pa TW 


Step (3): Uy "ووا و‎ 


ASA) m‏ سو O‏ يا مان E.‏ 9% ړدم FM 1 Bex‏ ولاک۱ = PigA + Aa (Vi Ve)‏ د 
pm‏ 


L man 5 
403, nen 
* aoo LoS 
Ri" Zes N Ga direchón showd, C, CEASA) Ry 


A بنسسفصصفلفټچ۸ع٢ ی‎ ٢ 2وس‎ 0 
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Problem 9 [2] 


8.99 Analyze flow through a sudden expansion to obtain an 
expression for the upstream average velocity V, in terms of the 
pressure change Ap = p» — pı, area ratio AR, fluid density p, and 
loss coefficient K. If the flow were frictionless, would the flow 
rate indicated by a measured pressure change be higher or lower 
than a real flow, and why? Conversely, if the flow were friction- 
less, would a given flow generate a larger or smaller pressure 
change, and why? 


Given: Sudden expansion 
Find: Expression for upstream average velocity 
Solution: 
2 2 
e P1 ۷7 P2 V2 
The governing equation is — + داد دن‎ + g21 | =| —t کو تي‎ + 8:27 | = hy (8.29) 
p p 
2 
V 
Assume: 1) Steady flow 2) Incompressible flow 3) hj = 0 4) a1 = ap = 1 5) Neglect gravity 
A1 
The mass equation is V1:A = VA) SO V= n 
2 
V9 = ARV, (1) 
2 2 
Bj V1 P1 "1 V4 
Equation 8.29 becomes uc MET MN 
p 2 p 2 2 
Ap P2-P4 V 
or (using Eq. 1) ری‎ 2 - A = AR- x) 
p p 2 
Solving for V1 Vis سي‎ 
: : - AB x) 
If the flow were frictionless, 0,5١ V - ED < V 
d 7 inviscid 7 | 2 1 
p:\1 -AR 
Hence the flow rate indicated by a given Ap would be lower 
2 
T Vi 2 
If the flow were frictionless, K = 0, so APinvscid = E 1—- AR 
2 
V4 2 
compared to Ap = i — AR’ - K) 


Hence a given flow rate would generate a larger Ap for inviscid flow 


http://librosysolucionarios.net 


[4] 


3 


Q = 9.73-gpm Q= 0.0217 Ë 


S 


Problem 8.100 


8.100 Water discharges to atmosphere from a large reservoir 


through a moderately rounded horizontal nozzle of 1 in. diameter. O 


The free surface is 5 ft above the nozzle exit plane. Calculate the 
change in flow rate when a short section of 2-in. diameter pipe is 
attached to the end of the nozzle to form a sudden expansion. De- 
termine the location and estimate the magnitude of the minimum 
pressure with the sudden expansion in place. If the flow were fric- 
tionless (with the sudden expansion in place), would the minimum Nozzle Short pipe 


pressure be higher, lower, or the same? Would the flow rate be 
higher, lower, or the same? 


Given: Flow out of water tank through a nozzle 
Find: Change in flow rate when short pipe section is added; Minimum pressure; Effect of frictionless flow 
Solution: , , 1 
Basic equations dd Q Y S Q 2 7 h h h +h f L 2 +K 2 
— ووس د وه‎ &Z — د وو‎ — +8 = = = f.—.—_ pS 
٩ 2 BL B "ERE I" IT IT- Tm — FD” 


Assumptions: 1) Steady flow 2) Incompressible flow 3) a at 1 and 2 is approximately 1 4) V << 5) L << so h = 0 


Hence for the nozzle case, between the free surface (Point 1) and the exit (2) the energy equation becomes 


2 2 
Va V2 


824 7 2 = Knozzle 2 


2. gz 1 
Solving for V; Vo= 
(1 + K nozzle) 
For a rounded edge, we choose the first value from Table 8.2 Knozzle = 0-28 


ft 1 ft 
Hence Vo = 2 x 32.2. — x 5-ft x Vo= 15.9.— 
2 (1 + 0.28) S 


2 
Q = Vy A5 Q= 159.4 x E x e a) x وي‎ x cad 
5 


12 "n 1-min 


When a small piece of pipe is added the energy equation between the free surface (Point 1) and the exit (3) becomes 
2 2 2 


V3 V2 V2 
uw m t سر هه‎ 
Bg 
From continuity V3= ren = Vy AR 
3 


2gA 
Solving for V2 Vo= رز‎ = 
(ar + Knozzle + Ke) 

Ay (D2) (iy 
We need the AR for the sudden expansion AR = — = | — | =|—| =0.25 

A D 2 

3 3 

From Fig. 8.14 for AR = 0.25 Ke = 0.6 


http://librosysolucionarios.net 


ft 1 ft 
Hence Vo = 7 322 x 5-ft x سم و‎ N Vo = 18.5-— 
5 nm +0.28 + o) 3 
ft n 0.5 2 7.48.:gal 65 ft 
Q=V>A5 Q = 185 اخ لل رګ‎ eB. Q=1132-gpm Q= 0.0252 = 
s 4 12 Ltt? 1-min 5 


AQ _ 0.0252 - 0.7 


Comparing results we see the flow increases from 0.0217 ft/s to 0.0252 ft3/s = 16.1-% 
Q 0.0217 
The flow increases because the effect of the pipe is to allow an exit pressure at the nozzle LESS than atmospheric! 
The minimum pressure point will now be at Point 2 (it was atmospheric before adding the small pipe). The energy 
equation between 1 and 2 is 
2 2 
P2 V2 V2 
PO a t | 7 Fnozzle د‎ 
Vee 
Solving for p; P2 = P| 8:27 — > (Knozzle + 1) 
slu ft 1 ft)? Ibf-s^ lbf 
Hence P? = 194.208 x | 32.2-— x 5-ft — — x | 18.5-—]| x (0.28 + 1)| x P? = -113— p» = —0.782 psi 
ft ee 2 5 slug: ft we 


2-871 
2 
AR +Knozzle + Ke 


282 


If the flow were frictionless the the two loss coeffcients would be zero. Instead of Vo = 


which is larger 


We'd have Vo = 5 
AR 


If V; is larger, then po, through Bernoulli, would be lower (more negative) 
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Problem 8.101 2 o 


Given! Shady flow of water From a large tank through a kigth of smooth 
plasht taking, wth D» 3,۱۶ mm And L~ 15,3 m, 


Find: (A) Maximum volume tou rate fer laminar flow. د‎ 
(5) Estimate maximum weer leve 1 in tank ter laminar totale = 2 aed Ket %1.) 


Solution: Assume water at 206. Fam Table A, P= 498 kglor Y ~= teox lo mf, 


Re = PD 4 E 2300 | Voas : Lor, 23m, horno ot 00713 mis Y 
P di کی‎ 7 gi M 
Q=VA : ووو‎ ~F Gesn - 7.94 x/o P شور‎ 
i s Ux 5, xip yn}, DL «60$. a 0.345 L/min a 
3 "m min A حعست‎ 


Apply entrgy equaton ter steady, p= constant pipe tow! E 


Computing D =0 
Equahon 1 $5 fus) m 72 En rap) her 


رر وی 


Assumphons: (1) p 7h "Paren 
(25 9,70 
O) Keat = 14 (giver) 


- —L -. 
> WLgL V 
Then gd = az + Kent Bee د‎ or d= Ze (a tke + 5) 
For laminar flow, f * E «Eb = 00m. No 


dai x(0-123) my E (aod REO SS 
S* 74" 0. m 


?| | م که,3 d=‏ 
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E 


لالا لا 


: 
2 
= 
8 
g 
a 
Le 
= 
: 
8 
B 
$ 


he a ear 


[4] —— 


Problem 8.102 


Open-Ended Problem Statement: You are asked to compare the behavior of fully developed 
laminar flow and fully developed turbulent flow in a horizontal pipe under different 
conditions. For the same flow rate, which will have the larger centerline velocity? Why? If 
the pipe discharges to atmosphere what would you expect the trajectory of the discharge 
stream to look like (for the same flow rate)? Sketch your expectations for each case. For the 
same flow rate, which flow would give the larger wall shear stress? Why? Sketch the shear 
stress distribution T/T, as a function of radius for each flow. For the same Reynolds number, 
which flow would have the larger pressure drop per unit length? Why? For a given imposed 
pressure differential, which flow would have the larger flow rate? Why? 


Discussion: In the following fully developed laminar flow and fully developed turbulent flow 
in a pipe are compared: 


(a) For the same flow rate, laminar flow has the higher maximum velocity, because the 
turbulent velocity profile is more blunt. 


(b) The trajectory of the discharge stream spreads out for laminar flow because of the large 
variation in velocity across the pipe exit. For turbulent flow the exit profile is more nearly 
uniform (except for the region adjacent to the wall) and hence the trajectory is more uniform. 
Since centerline velocity is larger for laminar flow, liquid travels the greatest horizontal 
distance. Trajectories for the two flow cases are shown below: 


(1) Laminar flow (ii) Turbulent flow 
(c) For the same flow rate (same mean velocity), turbulent flow has larger wall shear stress 


because of the larger velocity gradient at the pipe wall. For fully developed flow the 
pressure force driving the flow is balanced by the shear force at the wall. 


(d) Shear stress varies linearly with radius for both flow cases, from its maximum value at the 
wall to zero at the pipe centerline. 


(e) For the same Reynolds number, turbulent flow has a larger pressure drop per unit length 
because the friction factor is larger. 


(f) Foragiven pressure drop (per unit length), laminar flow has the larger flow rate (larger 
mean velocity), because it has the smaller friction factor. 


The two flow cases are compared in the NCFMF video Turbulence, in which R. W. Stewart uses 
a clever experimental setup to contrast the two flow regimes at constant volume flow rate by 
varying the liquid viscosity. The trajectories of the liquid streams leaving the end of the pipe are 
particularly well shown. 
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: 
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Sons 


u 


200 SHEETS, FILLEA 
سا‎ 1 50 SHEETS RYE-EASE® 


"api LEA 


ilr 


B] 


Problem 8.103 


8.103 Estimate the minimum level in the water tank of Problem 
8.101 such that the flow will be turbulent. 


Given: Data on water flow from a tank’tubing system 
Find: Minimum tank level for turbulent flow 
Solution: 


2 2 
: ۳ V V. 
Governing equations: P1 1 P2 2 
[n + "n2 * g£zi- " T zr x T gz5|- hir = > hy + > hy (8.29) 


(8.37) (Turbulent) 


P = 
major 
مھم‎ Ep y 
Re = — =f—.— (834) = oe 
1 h D 2 Pim 2 
f= pa (8.36) (Laminar) E = —2.0-log 
Re jf 34 
y? L y? y? 
The energy equation (Eq. 8.29) becomes gd- a = ES ۹ Æ kK 


This can be solved expicitly for height d, or solved using Solver 


Given data: Tabulated or graphical data: 
L= 153 m v = 1.00E-06 5 
D= 318 mm p= 998 kgm 
Kem 4 (Appendix A) 
a= 2 


Computed results: 


Re 2300 (Transition Re ) 
V = 0.723 m/s 

a= 1 (Turbulent) 

f = 0.0473 (Turbulent) 


d = 163%) m 


Note that we used a = 1 (turbulent); using a = 2 (laminar) gives d = 6.16 m 


(Vary d to minimize error in energy equation) 


Energy equation: 
(Using Solver ) 
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[3] 


(Kerosene) 


(1) 


(8.29) 


(8.37) 


Problem 8.105 


8.105 As discussed in Problem 8.48, the applied pressure differ- 
ence, Ap, and corresponding volume flow rate, Q, for laminar 
flow in a tube can be compared to the applied DC voltage V 
across, and current / through, an electrical resistor, respectively. 
Investigate whether or not this analogy is valid for turbulent flow 
by plotting the “resistance” Ap/Q as a function of Q for turbulent 
flow of kerosine (at 40°C) in a tube 100 mm long with inside 
diameter 0.3 mm. 


Given: Data on a tube 

Find: "Resistance" of tube for flow of kerosine; plot 

Solution: 

The given data is L = 100mm D = 0.3-mm 

From Fig. A.2 and Table A.2 u = 11x10 Es p = 0.82 x 999.5 = 812 
m m m 

For an electrical resistor V =R-I 


The governing equations for turbulent flow are 


2 2 
Py Vi P2 V2 " 
— + Qy-— + 8:24 |-| — + a7 — +g Zz) | = 
7 175 8:21 " 25 872 1 
2 e 
L 1 D 2.51 
hy = peN (8.34) — =-2.0-log) — + 
D 2 al £ 3.7 Re.,/ f 


"S 
P1-P2 LV L 14 8-p-f-L 
= fe )لع‎ a E Ap = 
p D 2 D 2 or nD (2) 
By analogy, current I is represented by flow rate Q, and voltage V by pressure drop Ap. 
Comparing Eqs. (1) and (2), the "resistance" of the tube is R= Ap _ 8-p-f-L-Q 


Q 


The "resistance" of a tube is not constant, but is proportional to the "current" Q! Actually, the dependence is not quite linear, 


because f decreases slightly (and nonlinearly) with Q. The analogy fails! 


The analogy is hence invalid for Re > 2300 or > 2300 
1 
ril 2300-u-m-D 
Writing this constraint in terms of flow rate لل‎ — > 2300 Or Q > Ea ARA 
p 4-0 
¿ : -7m 
Flow rate above which analogy fails Q =7.34x 10 — 


The plot of "resistance" versus flow rate is shown in the associated Excel workbook 
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1.0E-04 


Problem 8.105 


8.105 As discussed in Problem 8.48, the applied pressure differ- 
ence, Ap, and corresponding volume flow rate, Q, for laminar 
flow in a tube can be compared to the applied DC voltage V 
across, and current / through, an electrical resistor, respectively. 
Investigate whether or not this analogy is valid for turbulent flow 
by plotting the "resistance" Ap/Q as a function of Q for turbulent 
flow of kerosine (at 40°C) in a tube 100 mm long with inside 
diameter 0.3 mm. 


Given: Data on a tube 
Find: "Resistance" of tube for flow of kerosine; plot 
Solution: 
The "resistance" is R= Ap = =e 
Q xD 


The "resistance" of a tube is not constant, but is proportional to the "current" O! Actually, the dependence is not quite linear, 
because f decreases slightly (and nonlinearly) with O. The analogy fails! 


Given data: Tabulated or graphical data: 
L= 100 mm حم‎ 1,01E-03 N.s/m? 
D= 03 mm SG ker = 0.82 


Py= هوو‎ kg/m 


p= 812 kg/m? 
(Appendix A) 


Computed results: 


"R" (10° 
3/s)| V (m/ 
TIDE Pa/m’/s) 


The "resistance" is not constant; the analogy is invalid for turbulent flow 


"Resistance" of a Tube versus Flow Rate 


1.E+06 
1.E+04 
ug 
(10° Palm*/s) 
1.E+02 
1.E+00 
1.0E-06 1.0E-05 


Q (m/s) 
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Problem 6 B] 


8.106 Plot the required reservoir depth of water to create flow in 
a smooth tube of diameter 10 mm and length 100 m, for a flow 
rate range of 1 L/min through 10 L/min. 


Given: Data on tube geometry 
Find: Plot of reservoir depth as a function of flow rate 
Solution: 
V 2 V 2 
Governi tions: P1 1 P2 2 
'overning equations E Papel i - 5 هم‎ ۹ = hy = = hy + > him (8.29) 
i : major minor 
p.V.D Lv y Le y2 
Ya / a j e v 
Re = E hsf 839 hg = EG (8.40a) بيط‎ = (8400) 
E 
25 
c= (8.36) (Laminar) ^ — = -204og E m (8.37) (Turbulent) 
Re f 37 Ref 
2 2 / 
f ÉL LV wv 
The energy equation (Eq. 8.29) becomes gd-a >= p —+ K— 
This can be solved expicitly for height d, or solved using Solver 
y 
d= za (er = +x] 
2g 
Given data: Tabulated or graphical data: 
L= 100 m u=  1.01E-03  N.s/m? 
D= 10 mm p= 998 kg/m? 
a= 1 (All flows turbulent) (Table A.8) 
K n= 0.5 (Square-edged) 
(Table 8.2) 


Computed results: 


[ 3 | 6ه‎ ]63E+03] 0.0350] 7.27 | 
[ 4 | 08 |B4E«09|00324| 115 | 


11 


242 د چاو سا 
ta E 39.9‏ 


Required Reservoir Head versus Flow Rate 


754 
50 4 
d (m) 
25 + 
0 T T T T 1 
0 2 4 6 8 10 
Q (L/min) 
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Problem 8.107 [3] 


8.107 Oil with kinematic viscosity v = 0.00005 m/s flows at 
0.003 m/s in a 25-m long horizontal steel pipe of 4 cm diameter. 
By what percentage ratio will the energy loss increase if the same 
flow rate is maintained while the pipe diameter is reduced to 


1 cm? 
Given: Flow of oil in a pipe 
Find: Percentage change in loss if diameter is reduced 
Solution: 3 e 
Basic equations hy = p f= 2 Laminar | = -2.0-log = + = Turbulent 
D2 Re Jt 37 Ref 
3 2 
4 4 1 
Here yite Ta v ار نم‎ ) V = 2392 
A mb T 5 0.04-m 5 
-D 
Then Re = و‎ Re = 239 x 0.04-mx سي‎ Re = 1912 
i 1 0.00005-m 
T: 2 
E 64 L v? 64 5 2392) ft” 
The flow is LAMINAR h= f-L.—— posu pa پا‎ CN خي وز‎ 
D 2 Re D 2 1912 70 2 4t 
When the diameter is reduced 
3 2 
4- 4 1 
ya. خي‎ podio. V = 38.2 2 
A 2 T 5 0.01-m 5 
T-D 
-D 
RE Re = 382-— x 0.01-mx — Re = 7640 
M : 0.00005-m 
The flow is TURBULENT For a steel pipe, from table 8.1 e = 0.046-mm 
e 
1 D 2.51 
Given — = -2.0-log| — + f = 0.0389 
- 2 
L v? 25 (5822) ft” 
lic hy = 0.0389x — x 52 hy = 7.64 x 10°-—— 
D 2 0.01-m 2 gt 
2 
ft 
7.64 x 10? E 
The increase in loss is A 1188 This is a HUGH increase! As a percentage increase of 
ft 118800%. Hence choice of diameter is very important! 
643 72 The increase is because the diameter reduces by a factor of 
5 four and the velocity therefore increases by a factor of 16, 


and is squared! 
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Problem 8 


¡EPA SS pal V^ که‎ Sn Presos doe Lor moles 
E o کی‎ AX gees Cc cO. $^ 
Net Sead. شم یی‎ OM a 
E S MCN » DOM 
* Sq phone - په‎ 
. Wo WO مشسټان‎ a O 1 
TT . gard da Valve 
309883 . ee eg GU vr ٢ ac yu A vn, 


Wands Sesion of oe &x s Cocco. x ce eae groove 
“Pret د وون‎ ree یڅ‎ d. io a NEL 


2792 XXX) SHEETS, FELLER 
50 SHEETS EYE-EASE* 
42-202 #00 SHEETS EYE-EASE® 


42-300 200 SHEETS EYE-LASET 

42-382 O RECYCLED WHITE 

42-388 207 RECYCLED WHITE 
A 


| [IE pc a eds Sede = ves اچ‎ CR. 
t Vue Sc ځیعا‎ AS > cane دا‎ 
es Ra شه کدی پا چ ارو‎ 


Mas دیا‎ Rua , ee Sy : SL f= SS 


Pim = X =o a ¿NO‏ الد د مد مده و 
qe Ri‏ 
Los Tee x‏ ` چک aG an = E: x‏ 
wae «(S <Q, (3. |‏ پا وواه 
E = ` Ss Si Sl‏ 


Eron Tee 42 ES 
Tron VowNe YA Cals) oy =. nde ño, hy” * 


ESE Fa gan)‏ وه ټوم We a‏ چا 
lis‏ 


ve 
* 
ES 


oer = په‎ E ex o exse «oos V) 103 


E= 1 a وي‎ 
SN ENS VS 


1 
e 

Az. | 
c | Du HW IM SUSE M MEN 
MOLI Gaur CC Ves ood Xe. verenda roski ast Vos NO. 


ELO v A 
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Problem 8.109 [2] 


Gwent Wier fous ‘be 77د || وه‎ Ue TEAS NICS | | 
3 ES ES Namged (Tom ې‎ Req pese T 


Sec: IN 5, ii 
Loss بت د‎ 


لب SS‏ عا 


x‏ و 
toc Of @E oou‏ نتا so‏ پا eens ALON a Setar oe‏ بد کا وه که 
^[ 


PM e' Ee ناغه‎ cC s dass. Ne M نې‎ Nos fes 


Mar qa wee ong خا‎ ene eae AAA aS METAS چا‎ 

e cr 

ER SEN Xue tera SA EQ pa Lor Saada ` NE sé ES پک‎ A 
A sS &3 ev G3. 


GV DEC Do, se 
Ww D ET f * 
Basi e WS LONG) ه شا له و‎ T P & EN 
V) Z > ES P. X < 2 | 
' ae 
bw = Nue A e - خپ ې‎ E ES CET Sos M. al & Morum | 
۸ مې ٢۹م و‎ QS De *, و‎ ON : dae | 


ENS EY QE we AL om 
UAN Segore Laes LE OPAC. 


M 
e: Kt 
Cor Soy mex ec A enreda aw T کہ ت کم لانت‎ A ټ کله‎ MAT an 
پل‎ l i 

Tos ees AG Rcs Cx Û = Mao ٢ w eae) | 
Vom. Ke SS STYLO A ^w | 

xà 0 0 20 2 289‏ تت و پچ تو 

a oor ` اوا‎ CX. 


VA په‎ C. 
i پا‎ * Meat *£ X dee NUR پد‎ see ٩ 


AN Cx E Cs Vere, AS = Ooch 


* 


^s, 


ONE ٢۱ MS 
nce Woie Beak + 5 5 i NS a SOS 


Ye Tans Ge We T Cre ote & رود يا کک یں‎ nS vA 


NO COS Ge Ç Ac cr 9 o Ls i hat سی کل‎ CON یغ‎ Cx. 
ok 


- 
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| 


Ea 
BER National "Brand 
A 


Problem 8.109 [3] 


8.109 Water is to flow by gravity from one reservoir to a lower 
one through a straight, inclined galvanized iron pipe. The pipe 
diameter is 50 mm, and the total length is 250 m. Each reservoir is 
open to the atmosphere. Plot the required elevation difference Az 
as a function of flow rate Q, for Q ranging from 0 to 0.01 m/s. Es- 
timate the fraction of Az due to minor losses. 


Given: Data on reservoir/pipe system 


Find: Plot elevation as a function of flow rate; fraction due to minor losses 


Solution: . 
Required Head versus Flow Rate 
L- 250 m 
D- 50 mm 200 4 
e/D = 0.003 
Kom= 5 TOM 
K exit = 1.0 Az (m) 
v= 1.01E-06 m//s 
100 + 
| 0.0000 | 0.000 [0.00E+00] ۱0.000 | a 
0 
m mm mem das m 
l Q (mis) l l 
6.30E+04 
| 
Minor Loss Percentage versus Flow Rate 
1.296 - 
A 
0 
h r 
1.09% | 
09%0 
0.8% 
0.0000 0.0025 0.0050 0.0075 0.0100 
Q (m/s) 
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Problem 8.110 [2] 


8.110 Water from a pump flows through a 9-in. diameter com- 7 
mercial steel pipe for a distance of 4 miles from the pump dis- 

charge to a reservoir open to the atmosphere. The level of the IPS 

water in the reservoir is 50 ft above the pump discharge, and 

the average speed of the water in the pipe is 10 ft/s. Calculate the 0 
pressure at the pump discharge. 


Given: Flow from pump to reservoir 

Find: Pressure at pump discharge 

Solution: , , , i 

Basic equations a Q d de Q 2 h h h +h f LA +K “4 
— +a—— t £z — د وو‎ — + £25] = - = fi: TEE 
p 2 871 0 2 8%) 1 IT^ “LT "Im D 2 exit ^» 


Assumptions: 1) Steady flow 2) Incompressible flow 3) a at 1 and 2 is approximately 1 4) V5 «« 


Hence the energy equation between Point 1 and the free surface (Point 2) becomes 


SK us 
exit > 
Solving for p = gz هد‎ ex V 
1 P1 =P 277 D 2 exit > 
slu 5 ft 
From Table A.7 (68°F) p = 194775 v = 1.08x 10 ue 
ft 5 
-D 9 
Re = ub Re = 10.— x —-ft x ———— Re = 6.94 x 10? Turbulent 
: s د‎ 108x10 ft 
For commercial steel pipe e = 0.00015- ft (Table 8.1) SO £ = 0.0002 
D 
e 
1 D 2.51 
Flow is turbulent: Given — = -2.0:log| — + f = 0.0150 
2 
; ; L V 
For the exit Kexit = 1.0 so we find P1 = ate + p 
slu ft 4mile 52601 1 / f| Ibf-s” 4 lbf 
Py = 194.208 x | 32.2-— x 50-ft + .0150 x x —x|10-—| |x py = 4.41 x 10 .— Py = 306-psi 
fe = 0.75-ft  1mile 2 5 slug: ft f 
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Problem 8.111 [3] 


8.111 A 5-cm diameter potable water line is to be run through a 

maintenance room in a commercial building. Three possible lay- 4 

outs for the water line are proposed, as shown. Which is the best — 

option, based on minimizing losses? Assume galvanized iron, and 

a flow rate of 350 L/min. y 
t» 


5.25m 
(a) Two miter bends (b) A standard elbow — (c) Three standard 5 
Given: Flow through three different layouts 
Find: Which has minimum loss 
Solution: 
P1 Y p vz m d Le y? 
Basic equations — +a:— + 2 — +a— + gz9|-h hy = h +h = f-—-— + f-—-— 
q A د‎ T z 872| 50T Epp Tm T 
Minor 
Assumptions: 1) Steady flow 2) Incompressible flow 3) a is approximately 1 4) Ignore additional length of elbows 
L Q 4.Q 4 L 0 001:m 1-min 1 2 m 
For a flow rate of Q = 350. — V = = V = — x 350. —— x ———— x x V = 2.97 — 
min A 2 T min TL 60-s 0.05-m 5 
T-D 
2 
- -D 
For water at 20°C v = 1.01 x 10 s Re = = Re = 2.97.2 x 0.05-m x — وچ‎ Re = 1.47 x 10° 
3 B 1 1.01x 10 "m 
Flow is turbulent. From Table 8.1 حم‎ 76 uam 6.56 x 10 ^ 
D 
e 
1 D 2.51 
Given — = -2.0dog| — + f = 0.0201 
2 2 Le 
For Case (a) L = 7525 +2.5 -m L =5.81m Two 45° miter bends (Fig. 8.16), for each - = 13 
2 2 
p p L 
Hence the energy equation is a ses = p 4 2f. 
0 0 D 2 D 2 
2 L 
V JL e 
Solving for A Ap = pq - po = pf. — + 2-— 
8 1 P=P,-P2=P 2 E | 
k m * 5.81 N.s? 
Ap = 1000.Ê x .0201 x | 2.97. | x | 2252.13 | x Ap = 25.2kPa 
3 5 0.05 kg-m 
m 
Le 
For Case (b) L = (5.25 + 2.5)-m L =7.75m One standard 90% elbow (Table 8.4) = = 30 
Pt P2 LV Ley? 
Hence the energy equation is — — — = f. —.— + f. —.— 
p p D 2 D 2 
2 L 
V jL 
Solving for A Ap = p4 - p» = p. f.—.|—4— 
8 p p-p1-Po-P 2 e “| 
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2 2 
: 775 ۷ 
Ap = 1000.Ê x .0201 x 257.2) x (E ie 2 a 
5 


— Ap = 32.8kPa 
3 0.05 kg.m 
m 
Le 
L = (5.25 + 2.5)-m L = 7.75m Three standard 90° elbows, foreach — = 30 
D 
2 2 
p L 
نون سر به‎ LM T 
0 0 D 2 D 2 
2 L 
V |L e 
Ap = = = pf— — + e 
P =P -P2 =P 2 E “| 
k m 7.75 Nes” 
Ap = 1000-25 x .0201 x | 297. | x| 2% 4+3x30| x Ap = 43.4kPa 
2 5 0.05 kg-m 


For Case (c) 


Hence the energy equation is 


Solving for Ap 


Hence we conclude Case (a) is the best and Case (c) is the worst 
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Problem 8.112 [2] 


o Gwen: Air at a flowrate of AE milmin at Standard Cond:nans rn a Smooth 
duct 68 m square, $ 


| Fine: Pressure drop in mm 4,0 per mn of horigontat fact, | 


Solution: Apply the Energy equation for steady, / ه9‎ ١۳6٣٤ 6۸6 ۳/٣ ت‎ 
۰ that /5 uniform at each section. Use hydrautie diameter, 


€ EN vg) an . #0) 
| P di وه‎ 2. Hy " nb be ur 7 p M pt Si VALE D, = M 


| po G: G= Ve E 
: Oe 
een fey 


ra rom coñtinisity, Y Ta Jap. Pap eges 0.48 mis 


^ E, s E 3m: 20 = i, 45 x i077 کر‎ abu) 


E 8 “Pim. mu Fs 1,33 هر«‎ | 
& - Y A a ES “tte x10" Ea * : l l 


; fe 4002: es 8.13) 


مون پوه 


Fa 
و۷‎ 


A A 


M Tas Ms 1717 
د سه وو‎ = 0, 00448 m 


This ds. Ap expressed. in mm of water. ics 
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[3] 


Problem 8.113 


8.113 A pipe friction experiment is to be designed, using water, 
to reach a Reynolds number of 100,000. The system will use 5 cm 
smooth PVC pipe from a constant-head tank to the flow bench and h 


mounted horizontally for the test 


20 m of smooth 2.5 cm PVC line 


section. The water level in the constant-head tank is 0.5 m above 


the entrance to the 5 cm PVC line. Determine the required average 
. Estimate the feasibility of using 


speed of water in the 2.5 cm pipe 


a constant-head tank. Calculate the pressure difference expected 
between taps 5 m apart in the horizontal test section. 


Given: Pipe friction experiment 
Find: Required average speed; Estimate feasibility of constant head tank; Pressure drop over 5 m 
Solution: : , , 
e P1 V1 P2 2 TEES La VA Lg Vp 
asic equations — to — t gZ — ووس د وو‎ &z5| = = ph =>. pfp 
q a +871 e a "B T PT < MA PB cM D, 2 "BD 2 


2 


S 


v = 101x10 ÊP 


Vp = 4.04 = 
S 
Va = 1.012 
5 
خد‎ =5x 104 
fa = 0.0210 
fg = 0.0183 


Assumptions: 1) Steady flow 2) Incompressible flow 3) a is approximately 1 4) Ignore minor losses 


We wish to have Rep = 10? 
Vp Dp Rep:v 
Hence, from Reg - Vp = and for water at 20°C 
v Dg 
5 6 m 1 
Vp = 10 x101x10 .—x ——— 
S 0.025-m 
2 
D 2 
We will also need V4, = Vp: E Va = 4.042 x 25 
A BID A 
A 5 5 
۷٨۸٨ 
Re, = ——- Rej = 1.01. x 0.05-mx s 
v S -6 2 
1.00x10 -m 
Both tubes have turbulent flow 
For PVC pipe (from Googling!) e = 757 
e 
1 DA 2.51 
For tube A Given —— = -2.0-log) —— 
e 
1 Dp 2.51 
For tube B Given — = -2.0:log| —— 
Applying the energy equation between Points 1 and 3 
2 2 2 
VB La VA Lg VB 
La +h) -— = fa —:— سات‎ 
لګ" وا د لا و‎ Dg 2 
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La = 12.8m 
2 
۷ 
L "8 
Dp 2 
Ap = 29.9-kPa 


Solving for La La = 


2 
1 

1/404 sel le 
2 s 0.025 


2 
0210 (1012) 


x 2 0.05-m 5 


) = 9815 x 0.5-m 
S 


La = 


Most ceilings are about 3.5 m or 4 m, so this height is IMPRACTICAL 


Applying the energy equation between Points 2 and 3 


2 2 2 
P2 VB P3 VB L VB 
سا ت‎ = fp —-— or 
p 2 p 2 Dp 2 
k 0.0183 5.m m : E 
Ap = 10005 x 7 99. x | 4.04.3 | x 
3 2 0.025-m 5 kg.m 
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Problem 8.114 [3] 


N 


8.114 A system for testing variable-output pumps consists of the : 
pump. four standard elbows, and an open gate valve forming a Va 


closed circuit as shown. The circuit is to absorb the energy added | Pump 


by the pump. The tubing is 75-mm diameter cast iron, and the 


total length of the circuit is 20 m. Plot the pressure difference re- Gate Valve 


) | 
quired from the pump for water flow rates Q ranging from 0.01 hy 91 
m/s to 0.06 m/s. 


Given: Data on circuit 
Find: Plot pressure difference for a range of flow rates 
Solution: 
vj? Ls 
Governing equations: P1 1 P2 2 
[n +01- 2 n m 2 + 8-2) =r => ht» him (8.29) 
major minor 
VD Lv v? Ly 
=P e b 3 SEE ay A 
Re = 7 ae : (8.34) ey = E (8.40a) Ms =P : (8.40b) 
= 
f= ad (8.36) (Laminar) = = —2.0-log = کې‎ = (8.37) (Turbulent) 
Re jf 37 Re. /f 


The energy equation (Eq. 8.29) becomes for the circuit ( 1 = pump inlet, 2 = pump outlet) 


P1 7P2 2 ? ? 2 L , Lar 
1 : = PI T M Lebow y T f Lae or Ap = (E +4. = + = 
Given data: Tabulated or graphical data: 
L= 20 m e= 0.26 mm 
D= 75 mm (Table 8.1) 
u= 1.008-03 N.s/m? 
p= 999 kg/m 
(Appendix A) 
Gate valve L /D = 8 
Elbow L /D = 30 
(Table 8.4) 


Computed results: 


m /s)|V (m/s kPa 
Required Pressure Head for a Circuit 
1200 - 
1000 - 


iocos 
E 

a 99 
* am. 


dii 
[ 0.060 | 13.6 |LO2Ex06|0.0274| 996 | 0 : | | l 


0.00 0.01 0.02 0.03 0.04 0.05 0.06 
Q (m/s) 
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[3] 
(Smooth) 
ft) 
2. 
1+ ar 
A —3 lbf 
2P = 75110 E 
L ft 
5 
Re = 1.28 x 10 
AP _ 868% 10 
b ft 


Dy = — e=0 


Problem 8.115 


8.115 Consider flow of standard air at 1250 ftè/min. Compare 
the pressure drop per unit length of a round duct with that for rec- 
tangular ducts of aspect ratio 1, 2, and 3. Assume that all ducts are 
smooth, with cross-sectional areas of 1 ft^. 


Given: Same flow rate in various ducts 
Find: Pressure drops of each compared to round duct 
Solution: 
"— د‎ ٢ p V2 
asic equations — وح د وو‎ gZ — وس د وو‎ &Z 
q ü 2 £71 " 2 £25 


Assumptions: 1) Steady flow 2) Incompressible flow 3) a is approximately 1 4) Ignore minor losses 


The energy equation simplifies to 


coq E o Ap y LV‏ مدد 
onu‏ سه =P) = pft———‏ ړم = 
D 2 1 D 2‏ 
Q i 1-min 1‏ 
V = 1250-— x — V = 20.8—‏ سا ۷ But we have‏ 
A min 5 2 5‏ 
1-ft‏ 
ft slu‏ 4 
From Table A.9 v=162x10 — p= 0.00234. 2 at 68°F‏ 
ft‏ 1 
VD ft s 5 l‏ 
Hence Re = Re = 20.8.— x NDA Dy, = 1.284 x 10 -Dh (Dy in‏ 
K S 162x10 ft‏ 
For a round duct Dy =D = = D} = E x rag Dj = 1.13ft‏ 
T 7‏ 
For a rectangular duct Dj = = mid = Ai where ar = B‏ 
Py 2(b+h) 1+ar h‏ 
But jac so pe or h= = and‏ 
ar ar ar ar‏ 
The results are:‏ 
5 51 
Round Dp = 1.13-ft Re = 1.284 x 10 P Re = 1.45 x 10‏ 
e‏ 
D 2‏ 
Dh 1 A f‏ 1 
Given — = -2.0-log| — + f = 0.0167 = A‏ 
JE 37 Ref L D 2‏ 
ar 5‏ 24 
ar =1 Dj =—— VA Dp = 1ft Re = 1.284 x 10°-—-D,,‏ 
ar‏ + 1 
e‏ 
T. 2‏ 
Gi 1 Dh 251 A f‏ 
WS 577 PE f = 0.0171 EN‏ 
f Re. f L D 2‏ 
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8.68 x 10 7-713 


Hence the square duct experiences a percentage increase in pressure drop of ESSE EMI MEE 15.696 
7.51 x 10. 

2 1 
ar = 2 D} = A Dj = 0.943 ft Re = 1284x10^— Dy ^ Re = 1.21 x 10” 

l+ar ft 

e 
1 Dh 251 Ap f V Ap -3 1f 
Given — = -2.0-log| — + f = 0.0173 — = الا‎ — = 9.32 x 10 je: 
932x10 ^-751x10 ^ 
Hence the 2 x 1 duct experiences a percentage increase in pressure drop of mM = 24.196 
7.51 x 10 

2 1 
ar = 3 D} = Yar JR Dj = 0.866 ft Re -1284x10^— Dy Re = 1.11 x 10” 

1+ar ft 

e 
1 Dh 251 Ap f V Ap lbf 
Given — = -2.0:log| — + f = 0.0176 — = p—— — = 0.01.— 
f 37 Ref L D, 2 L ft 
0.01-7.51x 10° 
Hence the 3 x 1 duct experiences a percentage increase in pressure drop of a ae = 33.2% 
7.51x 10. 


Note that f varies only about 7%; the large change in Ap/L is primarily due to the 1/D; factor 
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[8] Part 1/2. 


Given: Reservoirs connected by three. clean, casé Ion Pipes i series, 


a 


her = re Y o , A دو‎ YE 


| NE leg lect heen at pine oars. eee all minor. losses 
are Probably Smatt gue to long leagths of ile 


[9^ non=smecta Pet, La GE, ر(‎ = = 7 [x w PN. “se TM Tak A. 


%p, > - 8 rim | 300 mn سرد‎ (for cast ina ¡Cro tama, able? +) 


st "uuo, xot. 


Problem 8.116 


The Pos eS water at 0i m fs Ex (SC, 


ES Y, = ab 


Pee. Sections NOT DU, check 2. 


E Au Longius buds is 5 عم‎ 


From Fig. Bil, fa = ۹٩ 


| Section Q. Eh, = = 2,۵ ۵5587 
http ESEN o net 


|a Basi equations وو‎ ( 


B 


Problem 8.116 [3] Part 2/2 


T A = 04 ته‎ +, / = 2.692 m/s 

ME" RS m 
¡Re = OMe De. 909 kg. ٢ 92a 22 ٢ umo. NS کو و‎ 
D AA ma” S07 "ix tO r : kg: m 


From e £5, ^ | = 005 


Then if "BE = 9.020, 60077 , 4 EE t bord x 90٥47 وږ‎ (OBE) gp? 
| PS do D eM dem z e 


7 ons, žm wd (0.003% TEM لا‎ m Ls 
P AA 8 200 as ms 


miner boss rd are, Kam 5 (ravie ۶ 2) and Kex,» 7^0. 


3 ha = 0.8, de soga +: Oy bx (0 درو‎ = 0.848 m*/s- 


"Therefore minor losses are . موو‎ Y percent of the frictanal losses, 
: so و‎ mas. be neglected. Thus from He energy egaa Hion 


E? 3s 205 = 7 > = 8413 m. 
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hyp = hy + Bi = f 


g|c 


2 2 
M 
— + سه‎ 
2 


Minor 


Problem 8.117 


8.117 Water, at volume flow rate Q = 0.75 ft” /s, is delivered by 
a fire hose and nozzle assembly. The hose (L= 250 ft, D=3 in 
and e/D = 0.004) is made up of four 60 ft sections joined by 
couplings. The entrance is square-edged; the minor loss coeffi- 
cient for each coupling is K. = 0.5, based on mean velocity 
through the hose. The nozzle loss coefficient is K,, = 0.02, based 
on velocity in the exit jet, of D» = 1 in. diameter. Estimate the 
supply pressure required at this flow rate. 


Flow through fire hose and nozzle 


Supply pressure 


Given: 
Find: 
Solution: 


Basic equations 


Assumptions: 1) Steady flow 2) Incompressible flow 3) a is approximately 1 4) P2 = Patm SO p? = 0 gage 


Hence the energy equation between Point 1 at the supply and the nozzle exit (Point n); let the velocity in the hose be V 


2 
1 
nog 


V 


+K 


ft 
V = 15.3— 
5 


4 
p +K¿+4K,+ E (1 + Kj) 


2 


S 


2 a Re = 3.54 x 10° Turbulent 


12 108x10 “f 


f = 0.0287 


lbf- = 
slug: ft 


4 
3 
+ 0.5 + 4 x 5+2) x (1 + 0.02) | x 


4 


2 
) x | 0.0287 x 290 


2 
M 
2 


and 


رلا 


٢-077 B 


Re = 155. É x 3 &x 


S 


S 


Py = 179-psi 


+ (Ke + ^K): 


ft 
15.3.— 


2 
P1 Vn v? 
2 


Given 


1 slug 
= = × 1.94-—= 
P1 : x 3 x 


ft 


lbf 
py = 2.58 x 10 
2 

ft 
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From continuity 


Solving for p, 


From Table A.7 (689F) 


For the hose 


Flow is turbulent: 


Problem 8.118 [3] 


8.118 Data were obtained from measurements on a vertical sec- 
tion of old, corroded, galvanized iron pipe of 25 mm inside diam- 
eter. At one section the pressure was p, = 700 kPa (gage): at a 
second section, 6 m lower, the pressure was p; = 525 kPa (gage). 
The volume flow rate of water was 0.2 m?/min. Estimate the rela- 
tive roughness of the pipe. What percent savings in pumping 
power would result if the pipe were restored to its new, clean rela- 
tive roughness? 


Given: Flow down corroded iron pipe 
Find: Pipe roughness; Power savings with new pipe 
Solution: 
د‎ ٢ p ۷2 pe 
Basic equations — + وس د + — 824 + —— د‎ 825] = hy h = f—— 
p 2 p 2 D 2 
Assumptions: 1) Steady flow 2) Incompressible flow 3) a is approximately 1 4) No minor losses 
Hence the energy equation becomes 
2 
"M od A لم‎ 
pl p re D 2 
Q 4-Q 4 i 1-min 1 m 
A aei 7 min 56 (0.025-m) 5 


In this problem we can compute directly f and Re, and hnece obtain e/D 


A p1-P 
Solving for f f= a Im + 8) -»)| 
p 


2 3 
0.025 N kg. 
f= pd 2 × | (700 — 525) x 102. — x E x 7 «981 x مه‎ f = 0.0423 


6 6.79-m e 1000-kg eN Š 
2 
2 -D 
From Table A.8 (20°F) v = 1.01 x 10 9.2. Re= ٢ Re=679%2x0.025mx 5 Re = 1.68 x 10” 
5 v S -6 2 
101x10 -m 
e 
Flow is turbulent: Given LN —2.0-log LUN + EX £ = 0.0134 
New pipe (Table 8.1) e = 0.15-mm 5 = 0.006 
e 
1 D 2.51 
Given — = -2.0-log| — + f = 0.0326 
2 
LV 
In this problem Ap = py — Pp = P| g (Zz) - + f-—-— 
is p P= ړم‎ -P2 ofa 21) +65 2 
kg m 0.0326 6 m 5 Nes? 
Hence A = 1000-— x|9.81.— x (-6-m) + — x ——x|6.79.— | |x A = 121-kPa 
Pnew 3 A Sons | j kg-m Pnew 
m S 
APold~ AP 
Compared to Ap,jq = 175-kPa we find E N = 30.6-% 


APold 
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Problem 9 B] 


8.119 Flow in a tube may alternate between laminar and turbu- 
lent states for Reynolds numbers in the transition zone. Design a 
bench-top experiment consisting of a constant-head cylindrical 
transparent plastic tank with depth graduations, and a length of 
plastic tubing (assumed smooth) attached at the base of the tank 
through which the water flows to a measuring container. Select 
tank and tubing dimensions so that the system is compact, but will 
operate in the transition zone range. Design the experiment so that 
you can easily increase the tank head from a low range (laminar 
flow) through transition to turbulent flow, and vice versa. (Write 
instructions for students on recognizing when the flow is laminar 
or turbulent.) Generate plots (on the same graph) of tank depth 
against Reynolds number, assuming laminar or turbulent flow. 


Given: Proposal for bench top experiment 
Find: Design it; Plot tank depth versus Re 
Solution: 
mi 7 y 

Governing equations: P1 1 P2 2 

Pa ae - و‎ t = by = > +>? him (8.29) 

major minor 
7 2 2 Le y? 
p-VD LV xx V e V 
Re = و‎ hy = F (8.34) hy = K x (8.402) bin = RB (8.40b) 
£ 
25 
pat (8.36) اة‎ Eea شي ا‎ al (8.37) (Turbulent) 


This can be solved explicity for reservoir height H 


5 
y? 

=—- 223 
2g D , 


Choose data: Tabulated or graphical data: 
L= 10 m u= 1.00E-03 N.s/m? 
D= 30 mm p= 999 kg/m? 
e= 0.0 mm (Appendix A) 
a= 2 (Laminar) Ken = 0.5  (Square-edged) 
= 1 (Turbulent) (Table 8.2) 


Computed results: Required Reservoir Head versus Reynolds Number 


1.00 4 


Laminar r 


0.75 4 , 
H (m) - = = Turbulent an 
050 - 

[ 0300 | 9707 |2120| Laminar [0.0302 


; 025- usd 
[ 0350 | 0.825 [2473 Turbulen[0.0462 | 0. 

-— 

0.738 | | | | | 
1000 1500 2000 2500 3000 3500 
Re 


The flow rates are realistic, and could easily be measured using a tank/timer system 
The head required is also realistic for a small-scale laboratory experiment 

Around Re - 2300 the flow may oscillate between laminar and turbulent: 

Once turbulence is triggered (when H > 0.353 m), the resistance to flow increases 
requiring H 70.587 m to maintain; hence the flow reverts to laminar, only to trip over 
again to turbulent! This behavior will be visible: the exit flow will switch back and 
forth between smooth (laminar) and chaotic (turbulent) 
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SA C. ٤ وو‎ 


= 


پا 


Problem 8.120 


Eau SN Sri, a مچ‎ (cosas e dL 


Wes i Y= Een کک‎ BORN Gy 
x C». aene E T "diee 
€ à. 
Woe NU ANS 
rá : ao e de A کې‎ : Mba NES ws £ 
ې‎ eo. ews’ لہ و وسا‎ notid ta Drs مه‎ 
oe هنو‎ e مک ود‎ 


5A 


ec CN e د‎ anec 
iX یکم لل‎ 


pd E 5 Sk CSS Ces 
> E SUM. " 
EE ea YAA Qu CES 
Š E 
la SS نا‎ RS ره‎ Roo 
GN یمان هل‎ UN 
(3 1 A a 
Ren hae : 
we V. 
هت د‎ N کد‎ a 
> 
Se = ee a" EA EN 


de X NE Meal - A 
ze uen a EN Neti = o05 


EN pna e 


Ma esa SS‏ حم ره CURL‏ د دد 
Ro Gor ٢7 E‏ 
4 ما roe ei - Be‏ تت due SES = \ os Soe‏ 
E DO, ٢ S|‏ 2 
a =O and‏ > * = < وا For GN kess Aes‏ 
i3 a= m X‏ 


یا é‏ ` ۳ 
SA ( vasaa |‏ نو چو سا 1 
` څه 
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Problem 8.121 D 


Gwen: hw Sas .د‎ a Awe eK N Me v. Omak ECN RS 
AO muy iS "e 


5 Mo: Wal او‎ “R= SO Leo ( A o p © 


Compressor سیا‎ = eee me 


—— f, ج‎ 
Seclusion: 
- e 
aà لک‎ A, 
Cen pute, eC sn M ( e xd. > UM wi = یا‎ 
Cx uA (€ که‎ 
i =< ue cx 7» x د‎ = A pS 


For p= c. Ren لا‎ S. Bede Ws =A, . Since Bard, ase et 


a Ur Natale issue A ad GNA maed MON OS 
pes. اا‎ sy SRA can be urien عم‎ 
Ue ct _ R-P د‎ 
= > * کم‎ N= = WU 


Nine ied: s i | 
PR sw wo, ka X. . ٠ > 
Lo ERS 2. جح‎ Ca ۹ سیا‎ 


as = aa = : SR d “By os = صا‎ vad 


: 
e) ړوو‎ ee 2 OO Rm 
= = x wo 

e c | * x <= * 


; NA eus NE. Sod eo Ren Conc Tiq. 83 ; Ç= DOA 
يک ها‎ 5 S ; 


V. سیا‎ 


Ves as & XC pe VARS” kale: e (Vane ard ew 


E 
-— EL N Q0 Q,OONA AN 


co, 


e LA 


27 


http://librosysolucionarios.net 


[3] 


D 
d == 
v 


c= 3.09 × 1048 
ft 


Re = 2.51 x 10° 
5 
Re = 3.31 x 10 
5 
Re = 3.31 x 10 
Q = 419-gpm 


CV 


CV 


cV 


Problem 8.122 


8.122 What flow rate (gpm) will be produced in a 4-in. diameter 
water pipe for which there is a pressure drop of 40 psi over a 300 
ft length? The pipe roughness is 0.01 ft. The water is at 68°F. 


Given: Flow in horizontal pipe 
Find: Flow rate 
Solution: 
: l P1 V1 P2 ۷2 Lv 
Basic equations — tQ — +824 — + u +829] = hy hy = f—— 
p 2 p 2 D 2 


Assumptions: 1) Steady flow 2) Incompressible flow 3) a is approximately 1 4) No minor losses 


Hence the energy equation becomes 


Solving for V 


um 2X2 3 
sy مشه‎ ee n «ao B (I2) "E 6 و‎ ET 
L-p 300 iñ 1-ft 1.94-slug bf 
We also have Re = na or Re=cV (2) where 
Y 
5 a 1 5 
From Table A.7 (68°F) v = 108: 10 ~-— c= —ftx — کو‎ 
s 3 — 108x10 ^ft 
e 
In addition — - -2.0-log E zu 6 
Equations 1, 2 and 3 form a set of simultaneous equations for V, Re and f 
k ft 
Make a guess for f f = 0.1 then V = — V = 8.12.— Re 
f 5 
e 
1 D 251 k ft 
Given — = -2.0-log| — + f = 0.0573 V = — V = 10.7-— Re 
vf 3.7 Re-/f f 5 
e 
D 2.51 k ft 
Given — = -2.0-log| — + f = 0.0573 V = — V = 10.7-— Re 
3.7 Re-/f f 5 
nD" ft m 1 : 7.48.gal 5 
The flow rate is then Q = V.—— Q = 10.7-—x — x | —-ft} x — 88 x 
4 s 4 \3 L9 88 


Note that we could use Excel's Solver for this problem 
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3 
-3 ft 
Q-2251x10 2 


V = 11.5— 


Re = 1.775 x 10 


Pgrav = —0.217 psi 


Pfric = 70.727 psi 


Problem 8.123 


8.123 When you drink you beverage with a straw, you need to 
overcome both gravity and friction in the straw. Estimate the frac- 
tion of the total effort you put into quenching your thirst of each 
factor, making suitable assumptions about the liquid and straw prop- 
erties, and your drinking rate (for example, how long it would take 
you to drink a 12 oz drink if you drank it all in one go (quite a feat 
with a straw). Is the flow laminar or turbulent? (Ignore minor losses. ) 


Given: Drinking of a beverage 
Find: Fraction of effort of drinking of friction and gravity 
Solution: 
2 
د‎ V1 P2 سل‎ L 
Basic equations — + ووس د + — 824 + وسو د‎ 82] = hy hy = (= 
p 2 p 2 D 2 
Assumptions: 1) Steady flow 2) Incompressible flow 3) a is approximately 1 4) No minor losses 
Hence the energy equation becomes, between the bottom of the straw (Point 1) and top (Point 2) 
P Lv À 
تن وار وسو یوان‎ where p» is the gage pressure in the mouth 


f LV 
= —0:g:[z4,-—Z . و ےک‎ 
Pgrav = P e( 2 1) Pfric = =P ao 
12 
ns کی‎ 
Assuming a person can drink 12 fluid ounces in 5 s Q = x 
5۰s 7.48.۰ gal 


Assuming a straw is 6 in long diameter 0.2 in, with roughness e = 5x 10 Sin (from Googling!) 


3 2 
4 4 -3ft 1 12-i 
yan. ve ginisi =y pcs 
2 T 5 0.2in  1-ft 
T-D 
5 te 
From Table A.7 (68°F) v = 1.08x 10 ~-— (for water, but close enough) 
5 
.0 ft 02 
mes Re = 115 x —ftx ——__ 
P s 1? 108x10 ^f 
e 
1 D 2.51 
Given — = -2.0log| — + f = 0.0272 
f 37 Ref 
2 
slug ft 1 Ibf-s Ibf 
Then p = —1.94.——x 32.2.— x —-ft x p = -31.2 — 
grav F 2 slugft grav E 
slu 6 1 ft : Ibf-s Ibf 
and Pic = "1.942 x 00272 x — x = x | 11.55 | x Pic = -105—~ 
3 02 2 5 slug. ft 2 
ft ft 
; iube e Pfric n Pgrav 
Hence the fraction due to friction is ————— — = 77% and gravity is — = 23% 
Pfric + Pgrav Pfric + Pgrav 


These results will vary depending on assumptions, but it seems friction is significant! 
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Problem 4 cem | 


x 
AZ): 


M ed 


Given: Gasolwc floos (n a horizontal pipeline at ISC, The distance 
And pressure drop between Pu a png Statins are 13 km 
ad 14 MEE respectively, ThE ٣ د/‎ 0.6m 10 dioe ic, 
IFS م٣‎ ٨ #۸٨55 COTES fo ga Jua ars cor on. 


Hind: Volume flow Tate, 


So ton: Ape و9‎ the energy equation for SCA, /NCOMYMELS (Ole Flows 
that is uniferrns at each Section . 


= = OC) E 
4 OC of E “aa o¢tl 


Basic eguation: Pi Y ^ = fus 7 d h =f LÁ 
PEt 7 ر‎ her j Per 2 


ASscun prions: G) Constant area pipe, Sa ۷ ath, Ac ٥۹ 
(2 Level, So le 


d» e d x de Eg or V = e | i 
5 ere 


Thes 


Baur f =f (Re. lp), and the Reyaakls number کل‎ Nok leno. There face 
iteration ٢ PEG ونور‎ Choose 4 / the fully ough 3 POG. From Taeéte Ed, 
€ ZOIS pam: i 05. 00025, Then from Fu. F113, f OOF, ae Pien ta ER We 


SER cows Sekuer 1 £= o ua VS : 
۷ لم‎ ex 0.6 my, L4 x 10 "M m? d و نود دمه‎ 
, * (512)/060 k keg “fle 13x10 O NTE 


(58 20.72, Table At) 
V = 3.82 m/s 


Nous Conipute Ke and Check ده‎ GUESS for f, Choose da به‎ XK O لر‎ Eb 
he Lt 
END ,7:/00 kg 3.58 m tam, Mo. Ma e 
Ke = ٢ a m ae “Eko iaa Kg 3.04 د«‎ 


Checking on Fig. §./3, fio (5 ESSE vta ftr, in FAS Finley -- rough font, And 
ihe Guess fre Finas Okay, Thus 


A= VA = 3,58 T lob) me اه‎ m/s 
$ 9 


* Ale de ja. Sohn. (5 barrer Leo م بر ۍل‎ and OG AAC, 
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Problem 8.125 2I7 


Gwen: Steady flou of water ta Sin, diameter, horizontal, st iron pipe. 


De 125 mm | mo د اه و‎ 1Se Ru | 


Find: Vo heme flo rote. 


i 
1 


Co mung egccafion : 3m . Ro 4 
(Frak a) (Bead tgu) * hr 
> a LY v 
Per = her hen = ام‎ + KX : 


Assumptharis: (1) Fiel developed fw? S = Az we 
(2) Horizontal: 3, "$a * l 
(8) Constant Area, So =D i 
Hen ITE | 
Ap. LV دک‎ V=/|*éP2 | 
£ = her es 2 PEL 


Since Flous rate (hence Re and £) ûre tan RAUDA, Mast Mente. عده:6‎ A | 
trial Value of Fin the tally roago 3000. Foer Table Grex 0.2km ! 


E * 
Thea Ciao e = 0.0o£l. Then fom Eg Hat f= 0.023 Hor Ke» xi 


» i 
we 2,4500 8 E لاي څل‎ ecu n 
V sfa | i د و‎ £a ^ ېوا ګګ‎ Rp سا‎ = Semis 
l l te M 
and, Checking Ka, with y= HM xio E "s af Tais (Table 4-3), 


= VD _ ASM 918584 لس ګت‎ LS R g 


The frichon tactir At this KE 5 SAH f= DOUG Colo REC). ee eon cl 


* Male ot t. = OSEE EE ني‎ Eels Solver Cor Gual CAN 
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Solution: Apply the energy eguahor far Seade, رور‎ ۳ ک٤‎ ele. pipa Toce. 


EET Problem 8.126 [—— 


Quae, Skadu Gao of worse ھی‎ a cask won Ry o£ l 
hanger B = CSA e pressure drop over اه‎ SS BARE, 
Le om درس جح نه- چ يا‎ Ge Nac 2 © loci ٣ 
Oboe san N. 


Tinda یا‎ ohne Gaus cole. SS 


| Saux! Weel Re SM eq yor for و ود ود‎ wee dos 


i 


لو نون 1 Conga‏ | 


| CL aas x ye à 
rx 


D Wesuae e ons EN EN " = fron A 


e A S [A 


de : 5 عا له‎ Ae ee Seon, 
E D gea Sn d 


| ته‎ REA 


| Tor co Con pe a BL NT. tan S = Om. (Ec o.c Sos BANS N 
| Santa. ERAS and E سی‎ LIM EN eros sá Mc seq ured 
j Frost Sas Nak کڅ)‎ M 


Cora OS 5 
coe 21 “= : a 


"RON 


Owes . E i N &. AS =‏ که د ها 
Suc S TE‏ ره کې Cea OS‏ 
ES | We SES ae |. A ٣٢‏ 


: TS | 
| LY = 0.005 wil | 


| 


EA us ÓN CUN vena c Ven ww اا‎ Cso ot Mar A omens 
| Es ee Su. SE = NS = as pee e. Cue SÁ | 


- ya DOME Y Ov. w l A pe 
Men Re ds * TOT سی نې‎ ar = یه ما‎ 


۰ Fron, ca VW SA e = So USO ‘ eNy = DIRA E en ud 
Grats Solace Lor Goch Seo M 
| a fe o.o and لا‎ = OAS A 


| 

| Nek AA X CANTI کم‎ Y y Qa = ANN سه و‎ & < = 2. Y a ym O RM 
| - = 

| ST 


= E (exse FOE  مممحح‎ 8 a 
X 


$ 


is 


: i 
f 
| 
i 
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Problem 7 DL | 


Given: Two ¿pen standa.pes Shown, PER ۵ - 5 m Dr D=0.75 m 


Water Hows by gravity 


Find: Estimate of rete of change of 
water level in left standp ipe. 


Solution: A yap tig The CE EY eg ې هواد دا‎ 
tor quasi-sttAcly, Moori 
Pressile p ¡pe Flore, 


d=75mm 
ex 0,3 mm 


Computing éguaton! aaa PT 


(f+ E ZH frg sb her j har = htt him efe Pest ioo] E 


Fam tontas, AV, = 


Assumphons : )( Neg ect unsteada effects 
(2 A flous 
(3) EUR = Paty 


GR V = Since diameters ace equal 


"E 
5 
E 
E 
EJ 
3 
e 


p 959 g 4^ 3 far لم‎ eat ^er] = 


Plow rate (heate همک‎ Is HARALA, So Assure Flow ts ٢ه‎ bulla vous h Bone, 


2 ^, 
$ z sz = 0,004, 40 fe 0.0285 frora Fg. کو‎ (using Excel < Sa her or Gual Sek) 


From Table 3,2, e = 0S; fne Fig. ENS, Kexm = 1. Then 


H 


Dero مه‎ M نت‎ | 24.4.9 kn, 2. ټم‎ 5 
= A نه‎ E 
a + Kent T voy 1 
ooz (420.93) + Ple 
0.075 


Check. Re and £. For water at 20°C, y= hoko ems (Table A.) 


Vo 428m. (025 5 jx 
dc ا‎ Mere cm le 


(From Equelion 9.31 : £c 0.028€, so this 5 satisfactory agree. E A 


= Ap = e i OO a > 
V, A Vo (=) Ve (55) x m = 0,0423 mis (down) 


مت 


The water level in the lett dank fals at ado کد دبا‎ majs 
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2 ess, € i * 
حا‎ har YI ۷٢ Rc i e or Myc SIA کا‎ VN La : Sw 
X. E 


Problem 8.128 


Qe: m a ١ nexê No Nos wes 
N eee E ا هې‎ CS tee 


DS O e NS £s 
Na UNA zx 
C RU cod 5 H 


NS e ag و‎ a حم‎ pc 1 
د‎ woke ۹ hcc I وما‎ | Pipe ae ub i 
"y SOWA E. Som ; 
A ae 
NE TRASES ود‎ c ed pols 


Das eq PACS! t > VE Ux e = او‎ =n, CEN 


Ma = EUR = € aS کي په‎ 


Mesones * ION = 2, = Raw 
چا لکا کي‎ s اه‎ E da tm NA 


sk اه‎ NES 
ro bese ARA Gerd 


AA + Sa * = = = NS 5 Mese RD 
Gan "Ro E eis c ARR CE Se & GA ® 
o? dre ib Rd E 
Ae Pe a gm = "m VS = Mel 
Noe Vase. SA ee CSI NES Wu ely = SOT lso uo OTOR 


T - war oA tec y N MOD le Cra BD 
Ceres Cee ARA Chos دک‎ o oes .لخ || کا‎ 


^ 


e 2 
د‎ E oR E on, 
a \ LE 5 Nel ۱ ې‎ EE ae "ES o اتان‎ 


XM. 2 Sl 


ae > S‏ سک 
Con Re = NS = cone tado & | do = NSB ANG‏ 
B‏ 

E $ Mesta لد‎ 


WA She Re | Ce ona هی‎ AQ- داح‎ Ae 


p 


F1 NONE Sahe e. E esso. q, dh - SoS Samer e. ¡EA SUN 
. CURL 
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2 
E 
8 
3 

* 


[3] 


k= 121۳ 


م 
Il‏ 
el‏ 
T‏ 
[VS]‏ 
x‏ 
a‏ 
o‏ 
ES‏ 
^| 


m 
(Table 8.1) 

5 
Re = 9.01 x 10 

5 
Re ے‎ x 10 

5 
Re = 5.85 x 10 

5 
Re = 5.85 x 10 


C= 


Problem 8.129 


8.129 Galvanized iron drainpipes of diameter 7.5 cm are lo- 
cated at the four corners of a building, but three of them become 
clogged with debris. Find the rate of downpour (cm/min) at which 
the single functioning drainpipe can no longer drain the roof. The 
building roof area is 500 m7, and the height is 5 m. Assume the 
drainpipes are the same height as the building, and that both ends 
are open to atmosphere. Ignore minor losses. 


Given: Galvanized drainpipe 
Find: Maximum downpour it can handle 
Solution: s ; 
Basic equations - «a M E ٠ 2 7 h h=f = ys 
— + Q — + 7 — + لپځ‎ +g. = E AE 
: peg a 9 ME: 1 52 
Assumptions: 1) Steady flow 2) Incompressible flow 3) a is approximately 1 4) No minor losses 
L ve 
Hence the energy equation becomes g-Z — g:2 = 8 (21 - 29) = gh = PES h=L 
D 
Solving for V V= 2Dgh_ 1208 V= k (1) 
L-f f vf 
m 
k=/2-D-g k = [2x 0.075-mx 381- 
5 
We also have Re = Bee Or Re=cV (2) where 
Y 
2 5 
From Table A.7 (20°C) v 2101x10 .— c = 0.075-m x Fs ae 
: 1.01x 10 m 
e 
In addition Sil i e (3) e - 0.15mm 
Equations 1, 2 and 3 form a set of simultaneous equations for V, Re and f 
k m 
Make a guess for f f = 0.01 then V= T V = 12.13— Re = ٧۷ 
f s 
e 
1 D . 251 k 
Given —=-2.0-log| — f = 0.0236 V=— v-7902 Re=cV 
vf 3.7 Re-/f vf 5 
e 
1 D 2.51 k 
Given —=-2.0-log| — f = 0.0237 V=— v-7882 Re=cV 
yt 3.7 Re-/f vf 5 
e 
1 D 2.51 k 
Given — = -20-log — + f = 0.0237 V=— v-7882 Re=cV 
f 37 Ref vf 5 
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2 3 


The flow rate is then Q = QE Q = 738.2 E (0.075-m)^ Q= 0.0348. 
4 د‎ 4 5 
im? 
0.0348. — a " 
The downpour rate is then بت‎ e t RE 0.418. 2 The drain can handle 0.418 cm/min 
Aroof 500 2 1-m 1-min min 
m 


Note that we could use Excel's Solver for this problem 
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Problem 0 [3] Part 1/2 


à 


Way 


ES 


7 


——| - EEO lo (est) 


Given! Site fre higed rau bie (minis H *S00rm,L* 300m. 
0 


; 4 
Hose, with D mm, tp =0.01 . 7 
Ve | 
COMPIINGS , a = 20, veru lo mM along hose ae H 
و‎ 3 [€ dame ter, J ell mms k =D.OL, bated DA Y, de 4| 


Fin: la) Estimae AA X mum غه‎ fed velociter, L5 
(5) Determine Maxime Preece OF Jet on rock, FACE. 


Soluhon: Agoly the 27 / E by equ ahen Ar Stacy, INCOM PES ible pipe flaw. 


زد = رع دب 


=2 
Computing equation: (B es akas- (f (pe په‎ " ic = her 


Assume: 0) Pi b; 2) V, =0; B) Pa =© j (ya, =| "(SJ 3, ai 5G) Pully~mugh zane 


Then gH = her + Va. = =- #4 \p V, JoL Le Yo + SERA 
ez 

From وب اوی‎ Vb B V, =V fe ار‎ eV CF Y (2 
Fi. 

qu = Mero Ergo, ias] E‏ رو غسم صد 


— : / 
=| 29H a a 
Vy Yoon 1 7 ونو - اا‎ Bone 6 ته‎ f = 40% Es 


t 


T oae m A So ENT TE 255۷ | 


Check tor Filly- rough Flow 3ont: 


fe = VeP Y UE) و دی‎ (h" - 0.35965 mis [Assume Ta 20c} 


6m, 0.073 re i e 
. PS 4 Us art Boog = , 
"ډک‎ o UE = "وسر اه‎ D DO, f 2.090 (&g 4 - 


The neta esti mote در‎ 


u [2.032 pa | 
o "aUe. Y 6 (est ) pr 23:0 اه‎ = 2.3 m/s 


Apply momentem da And Pree! Cv. B shown. Vo 1^ : 
ا‎ | 
Fay + Fay =2/ wpdv +f مه"‎ V ena La US 
Assumphens ¿(0 Alo pre ssSu ee forces 
G) Fax =0 


(3) ير لصه تټصاک‎ flow 
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- | 


mem Problem 8.130 [3] Part 2/2 
: a | | 
Uy حم موو ل)‎ Flew ad each Coss" tied 1 : i 


Then ٢ = 
Ky = Uy i-e A + ua $ +0 VAST 


| D V la =Ò | 


Ex = و‎ ٢ 
The hree وو‎ the mek face s 


Ky =~ Rx لود‎ 


Ex 
xf 
3 


= 999 ka (27.3% m* رو د‎ Ms 
ma” شي‎ Cy 


TE 


T T Kx = 365 AJ (to right) E | 
M A: 


P. g E 
j | 5 Nalus at £ obtained, Esta Es gan ون‎ Escala Salter (sc اسا‎ aS 
| 
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Problem 41 B] 


8.131 Investigate the effect of tube roughness on flow rate by 
computing the flow generated by a pressure difference Ap = 100 
kPa applied to a length L = 100 m of tubing, with diameter D = 
25 mm. Plot the flow rate against tube relative roughness e/D for 
e/D ranging from O to 0.05 (this could be replicated experimen- 
tally by progressively roughening the tube surface). Is it possible 
that this tubing could be roughened so much that the flow could 
be slowed to a laminar flow rate? 


Given: Flow in a tube 
Find: Effect of tube roughness on flow rate: Plot 
Solution: 
v? v ) 
Governing equations: P1 1 P2 2 
ae - p ږل‎ 2 = by = >, +> him (8.29) 
1 major minor 
VD Lv y Ly 
per 2 j eV 
Re = hy = نپ‎ (8.34) him = E (8.402) him = PIT (8.40b) 
(e 
25 
f= = (8.36) (Laminar) : = —2.0-log| = + aa (8.37) (Turbulent) 
Re "n (37. Ref, 


The energy equation (Eq. 8.29) becomes for flow in a tube 


P1 7P2 = Ap = pf. 


This cannot be solved explicitly for velocity V, (and hence flow rate O) because f depends on V; solution for a 
given relative roughness e/D requires iteration (or use of Solver) 


Fluid is not specified: use water 


Given data: Tabulated or graphical data: 

Ap = 100 kPa u= 1.00E-03 N.s/m? 
D= 25 mm ووو حم‎ kg/m 
L= 100 m (Water - Appendix A) 


Computed results: 


Len |V (m5)|@ (miss) x10 | Re [Regime] f — Ae (PalfError Flow Rate versus Tube Relative Roughness 
Mie 

ali 
87 
6 - 
Q (mis) 
4 
e 
24 


It is not possible to roughen the tube sufficiently to slow the flow down to 0 ! ' ' ! 
a laminar flow for this Ap. Even a relative roughness of 0.5 (a physical 0.00 0.01 0.02 0.03 0.04 
impossibility!) would not work. e/D 
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Problem 2 Bl 


8.132 Investigate the effect of tube length on water flow rate by 
computing the flow generated by a pressure difference Ap — 100 
kPa applied to a length L of smooth tubing, of diameter D — 25 
mm. Plot the flow rate against tube length for flow ranging from 
low speed laminar to fully turbulent. 


Given: Flow in a tube 
Find: Effect of tube length on flow rate; Plot 
Solution: 
v vl q 
Governing equations: P1 1 P2 
xix C Eure hr = > hy + 2 him (8.29) 
: : major 
V.D Lv? y Le y 
¿PE -LV ا کوب ويم‎ 
Re = 7 hy = t - (8.34) hy, = K- 7 (8.402) him = dr E (8.40b) 
= 
25 
f= 9r (8.36) (Laminar) E = -2.0-log 2 + 251 (8.37) (Turbulent) 
Re jf 3 ان‎ 
The energy equation (Eq. 8.29) becomes for flow in a tube 
Lv 

P] -P2 = Ap = pro 
This cannot be solved explicitly for velocity V, (and hence flow rate O) because f depends on V; 
solution for a given Z requires iteration (or use of Solver) 
Fluid is not specified: use water 
Given data: Tabulated or graphical data: 

Ap= 100 m u= 1.00E-03 N.s/m* Flow Rate vs Tube Length for Fixed Ap 
D= 25 mm ووو حم‎ kg/m 


(Water - Appendix A) 100 


Computed results: 


Laminar 


[E |V (mf (ms) x 10] Re | Regime] f — [AP (kPa) Error] 
100 Q (mis) ٢ d 
100 a 

100 "ape 


100 I 

100 gun 

100 LT 

120 TOE 
| 19 | 0.092 | 0.452  |2300|[Laminar| 0.0278 | 90 — [10.4% 

| 21 | 0.092 | 0.452 | 2300 | Laminar| 0.0278 | 99 — | 1.096. 

100 

100 0.1 

The "critical" length of tube is between 15 and 20 km. 0 10 1 (km) 30 


For this range, the fluid is making a transition between laminar 
and turbulent flow, and is quite unstable. In this range the flow oscillates 
between laminar and turbulent; no consistent solution is found 
(i.e., an Re corresponding to turbulent flow needs anf assuming laminar to produce 
the Ap required, and vice versa!) 


More realistic numbers (e.g., tube length) are obtained for a fluid such as SAE 10W oil 
(The graph will remain the same except for scale) 
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Problem 8.133 [ 


8.133 For the pipe flow into a reservoir of Example 8.5 consider 

the effect of pipe roughness on flow rate, assuming the pressure 
of the pump is maintained at 153 kPa. Plot the flow rate against 
pipe roughness ranging from smooth (e = 0) to very rough (e = 
3.75 mm). Also consider the effect of pipe length (again 
assuming the pump always produces 153 kPa) for smooth pipe. 
Plot the flow rate against pipe length for L = 100 m through L = 


1000 m. 
Given: Flow from a reservoir 
Find: Effect of pipe roughness and pipe length on flow rate; Plot 
Solution: 
V 2 ۷ : 
Governing equations: P1 1 P2 2 
E 4 و کي‎ + i = E + a +29) = hr = zs hy + 3 bin (8.29) 
major minor 
VD Lv v? Le v? 
pw ng ره‎ les بک روت‎ 
Re = à p pidum (8.34) Aa کس‎ (8.40a) he =f 2 ( 
= 
2.5 
f = a (8.36) (Laminar) a = —2.0-log = - : (8.37) (Turbulent) 
Re Jf 37 Re. ff 


The energy equation (Eq. 8.29) becomes for this flow (see Example 8.5) 
2 
= Ap = d+f نا‎ 
Ppump = p = P- g D 2 


We need to solve this for velocity V, (and hence flow rate O) as a function of roughness e, then length L. This cannot be solved explicitly for 
velocity V, (and hence flow rate O) because f depends on V; solution for a given relative roughness e/D or length L requires iteration (or use 


of Solver) 
Given data: Tabulated or graphical data: 
Ap= 153 kPa u= 1.00E-03 N.s/m? 
D= 75 mm ووو حم‎ kg/m? 
L- 100 m (Water - Appendix A) 


Computed results: 


ep ACTO TD T e [Regime] 7 O E 


It is not possible to roughen the tube sufficiently to slow the flow down to 
a laminar flow for this Ap. 
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0.05 


0.05 


Computed results: 


E Gs MS 2] re [Regime] 1 Jae 


| 600 | 0.865 | 0.003821 [6.48E+04|Turbulent] 0.0512 | 153 | 0.0% | 
| 900 | 0.762 | 0.003368  |5.71E*04|Turbulent| 0.0439 | 153 | 0.0% | 


Flow Rate versus Tube Relative Roughness for fixed Ap 


0.01 0.01 0.02 0.02 0.03 0.03 0.04 0.04 
e/D 


Flow Rate versus Tube Relative Roughness for fixed Ap 
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0.010 - 


0.000 


Problem 8.134 B] 


8.134 Water for a fire protection system is supplied from a water 
tower through a 150 mm cast-iron pipe. A pressure gage at a fire 
hydrant indicates 600 kPa when no water is flowing. The total 
pipe length between the elevated tank and the hydrant is 200 m. 
Determine the height of the water tower above the hydrant. Calcu- 
late the maximum volume flow rate that can be achieved when the 


system is flushed by opening the hydrant wide (assume minor 
losses are 10 percent of major losses at this condition). When a 


fire hose is attached to the hydrant, the volume flow rate is 0.75 
m*/min. Determine the reading of the pressure gage at this flow 


condition. 
Given: System for fire protection 
Find: Height of water tower; Maximum flow rate; Pressure gage reading 
Solution: 
p V 2 2 V. 2 
Governing equations: 1 "b 2 2 
ja سر‎ A A با‎ LE ES = 8.29 
ولک از ووک‎ zten hr 2; a+, hm (829) 
major minor 
7 2 L y? 
p-V-D EY e V 
Re = = f 8.34 = 0.1- = f-—-— (840b 
i Ss = Pim h وود‎ A 
£ 
25 
f= = (8.36) (Laminar) EA = —2.0-log A + : (8.37) (Turbulent) 
Re Jf 3.7 Re4/f 


For no flow the energy equation (Eq. 8.29) applied between the water tower free surface (state 1: height H) and the pressure gage is 


P P. 
me g سد‎ @ 
P P£ 
The energy equation (Eq. 8.29) becomes, for maximum flow (and a = 1) 
"am = (1+ 0.1) or "RA لجوږېو‎ (2) 
puc MES Dh iq Moa 
This can be solved for V (and hence O) by iterating, or by using Solver 
The energy equation (Eq. 8.29) becomes, for restricted flow 
» v? y? L 
و بې‎ = hyp = (1+0.1)-4y P= vamo (1+ Lipf. 6) 
Given data: Tabulated or graphical data: 
P2= 600 kPa e= 0.26 mm 
(Closed) (Table 8.1) 
D= 150 mm u= 1.00E-03 N.s/m? 
L= 200 m p= ووو‎ kg/m? 
Q= 075 m/min (Water - Appendix A) 
(Open) 
Computed results: 
Closed: Fully open: Partially open: 
H= 612 m V= 591 ms Q= 075 m/min 
(Eq. 1) Re =  8.85E*05 V= 0.71 m/s 
f= 8 Re = 1.06E+05 
= 0.0243 
Eq. 2, solved by varying V using Solver : Po= | 591 kPa 


Left (m /s)|Right (m/s) (Eq. 3) 
601 601 


Q- 0104 ms 
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Problem 5 [3] 


8.135 The siphon shown is fabricated from 50 mm i.d. drawn 
aluminum tubing. The liquid is water at 15°C. Compute the vol- 
ume flow rate through the siphon. Estimate the minimum pressure 
inside the tube. 


Given: Syphon system 
Find: Flow rate; Minimum pressure 
Solution: , , 
Basic equations a 1 = ٠ 2 1: h f E v +h 
7 3 871 a z 82 IT roa "m 


Assumptions: 1) Steady flow 2) Incompressible flow 3) a is approximately 1 


Hence the energy equation applied between the tank free surface (Point 1) and the tube exit (Point 2, z = 0) becomes 


2 
gz 2 = 7 LE ae M rey 
5 1 رد‎ p2 t2 D2 
From Table 8.2 for reentrant entrance Kent = 0.78 
R Le Le 
For the bend — =9 so from Fig. 8.16 — = 28 fora 90° bend so for a 180° bend — =56 
D D D 
. 2.g. 
Solving for V (1) and h = 2.5-m 
The two lengths are Le = 56-D Le = 2.8m L = (0.6+7-0.45 + 2.5)-m L=451m 
We also have Re = :و‎ or Re =c.V (2) where حم‎ 2 
v v 

6 m S 4s 

From Table A.7 (15°C) v = 1.14x10 -— c = 0.05:-mx A c = 4.39 x 10 -— 
i 1.14x 10. 0 " 
e 
In addition JL pgs ee (3) e = 0.0015mm (Table 8.1) 
Equations 1, 2 and 3 form a set of simultaneous equations for V, Re and f 
Make a guess for f f = 0.01 then 
V = 3.892 Re-cV — Re-171x10? 
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Re = 1.50 x 10° 


Re = 1.49 x 10° 


Re = 1.49 x 10° 


Given — = -2.0-log + f = 0.0164 
m 
V = 3.43— Re = cV 
5 
Given f = 0.0168 
m 
V= V = 3.40— Re = cV 
5 
e 
1 D 2.51 
Given — = -2.0-log| — + f = 0.0168 
m 
V = 3.40— Re = cV 
5 


Note that we could use Excel's Solver for this problem 


The minimum pressure occurs at the top of the curve (Point 3). Applying the energy equation between Points 1 and 3 


L = 1.31m 


p3 = -35.5 kPa 


2 
Eos = Ne gU gg Vun 3 
7 — + يا = ده له وو وس‎ — + — +2 | = f —. — س‎ wa, 


L 
where we have — = 28 for the first 90° of the bend, and L= [as EN سا‎ s 
2 


2 L 
۷ L e 
P3 = ofa aja h + Kent je E Jl 


2 2 
k 1.31 N- 
p3 = 1000. x 9815 x (-0.45-m) — شا‎ a +0.78 + یی‎ (e + 3l "d 


m S 5 kg-m 
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Problem 8.136 [4] 


8.136 A large open water tank has a horizontal 2.5 cm diameter 
cast iron drainpipe of length 1.5 m attached at its base, If the depth 
of water is 3.5 m, find the flow rate (m*/hr) if the pipe entrance is 
a) reentrant, b) square-edged and c) rounded (r = 3.75 mm). 


Given: Tank with drainpipe 

Find: Flow rate for rentrant, square-edged, and rounded entrances 

Solution: , , 

Basic equations i ٠ = «a 22 h h f = v +K v 
7 د‎ 871 7 z 82 IT 1٣ 3 ent > 


Assumptions: 1) Steady flow 2) Incompressible flow 3) a is approximately 1 


Hence the energy equation applied between the tank free surface (Point 1) and the pipe exit (Point 2, z = 0) becomes 


2 
" V2 ae ها‎ oe v? 
1 2 1 2 D 2 ent > 
Solving for V (1) and h=(15+35)m h=5m 
D D 
We also have Re = — or Re-cV (2) where c=— 
v v 
6 m? S 45 
From Table A.7 (209C) v = 1.01x10 .— c = 0.025-m x A c = 2.48 x 10 -— 
1 1.01x 10 m m 
e 
In addition تک‎ T دي‎ (3) e- 026mm (Table 8.1) 
Equations 1, 2 and 3 form a set of simultaneous equations for V, Re and f 
For a reentrant entrance, from Table 8.2 Kent = 0.78 
Make a guess for f f = 0.01 then 
V =6.42— Re-cV Re =1.59x 10° 
5 
e 
1 D 2.51 
Given — = -2.0-log| — + f = 0.0388 
V = 4.892 Re = cV Re = 1.21 x 10? 
5 
e 
1 D 2.51 
Given — = -2.0-log| — + f = 0.0389 
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Re = 1.21 x 10° 


Re = 1.21 x 10° 


3 


m 
= 8.62.— 
2: hr 


Re = 1.69 x 10? 


Re = 1.25 x 10° 


Re = 1.25 x 10° 


3 


m 
= 8.94 — 
R hr 


Re = 1.91 x 10° 


V = 4.88 ګ‎ Re = cV 

5 

Given f = 0.0389 
V = 488— Re - cV 


S 


Note that we could use Excel's Solver for this problem 


2 3 
The flow rate is then gay TD. Q = 4.88. x T x (0.025-m)” Q = 24x10 سن‎ 
4 د‎ 4 S 
For a square-edged entrance, from Table 8.2 Kept = 0.5 
Make a guess for f f = 0.01 then 
V = 6.83 2 Re = cV 
5 
e 
1 D 2.51 
Given — = -2.0-log| — + f = 0.0388 
m 
V= V = 5.06— Re = cV 
5 
e 
1 D 2.51 
Given — = -2.0-log| — + f = 0.0389 
f Ref 
m 
V - 5.06— Re = cV 
5 
nD? m 7 2 3 m 
The flow rate is then Q = V.—— Q = 5.06-— x — x (0.025-m) Q =2.48x 10 .— 
4 s 4 5 
r 3.75 
For a rounded entrance, from Table 8.2 — = — = 0.15 Kent = 0.04 
D 25 
Make a guess for f f = 0.01 then 
2-g-h 
v= 8 
m 
V = 7.73— Re = cV 


1+K,,,+f L 
ent D 
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Given f = 0.0387 
V=540% Re Ev Re = 134 x 10° 

5 

Given f = 0.0389 
Vv = 539۳ Re = ٧ Re = 1.34 x 10? 

S 

Given f = 0.0389 
y = "وږو‎ Re = ev Re = 134 x 10? 

S 


Note that we could use Excel's Solver for this problem 


3 3 
The flow rate is then هون‎ m. Goss Eum) > (peg 
4 S 4 5 hr 
3 3 3 
m m m 
In summary: Renentrant: Q = HEDT Square-edged: Q = ون‎ Rounded: Q = و‎ 
r r r 
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په 


Problem 7 


Biven: Koran Loa dec Supply Sys ۵۰ from Example ry يځو‎ le ero F. 70, Siar | 
Ol. 


With S0 foot length of straight pipe with D= 23 ma, Eip =D 


Find ; (a) Flog rate deh vered, 
(&) Effect of adding a APAS 


Asseemphions: (1) =P, = Pann (D ei, m] 
(£2) V, Xo O Kent 0.0% 


G30 = V AOE + Keng) کد‎ or L 
rre 


Pr €/p =0.01, * = 0.038 fom Eg ٢۸٢ so 


Then 


/ 5 
O a [2 FM Em us 
Y= i i S "f+ 0.038, Sb Yn. 1. RMN 4 v 1/0 mb 
ES ran £E 
Checking, Assuring T * BOC, 
» Sec eo, Oso, $0 
2 VD 1100, Dong m o e 25-0 from Eg W.El Qf A 0.040, 
E Rc MM ا‎ ; DD | 
! i 
i da 
e 2, 9.81 m 18m m 
V, = =) SU ai j Sov fm ] = Lof miz 
| 10.0504 $8 Er T 0 


Q= وول‎ os To. om> 5,30 ال روه‎ . (Ao e iffuser) 


The dtffuser Lontetd nerê a3 head ss oy Koifteaser = 038 (see Example 8.10), 


23.0 


=Z.0 


1 
m 4 
V JE 9.81 m km. : 
A 5> 0,25 ۳۵ ۵46 لا 5# کب‎ , So Emm = 1,04m/s 
ES Y* 


but would reduce V, to z V. The energy eqeafion would be 


3 AGS beng + Rr aaa a 
== AR 
Th کم‎ 
ساسا‎ 
) سوه‎ + Keng re 


FOODS 


A = VA = 1P2, E loos) mY - 5.357 107 * کے‎ wth diffuser) e) 


CE: 


The diffuser IMereases Fous fate Only ود‎ Ath En | percer 2, because oss که‎ 


domma ted by thJp, 
* که‎ lE Nana using ado Saves Cor Gees Seed) 
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Soluhon: Apply the entró y equaton | L x50 A > 
fir steady, Ineompressible pipe Cow. 


Computing. equation; ! 


i 


| 


Problem 8.138 [5] 


8.138 A 7500 gallon tank of kerosine is to be emptied by a 
gravity feed using a drain hose of diameter | in., roughness 0.01 
in., and length 50 ft. The top of the tank is open to the atmosphere 
and the hose exits to an open chamber. If the kerosense level is 
initially 10 ft above the drain exit, estimate (by assuming steady 
flow) the initial drainage rate. Estimate the flow rate when the ker- 
osene level is down to 5 ft, and down to 1 ft. Based on these three 
estimates, make a rough estimate of the time it took to drain to the 


1 ft level. 

Given: Tank with drain hose 

Find: Flow rate at different instants; Estimate of drain time 

Solution: 

Basic equations a H al 71 Ea pecs + لواو‎ hy = ps Y 
p 2 p 2 D 2 


Assumptions: 1) Steady flow 2) Incompressible flow 3) a is approximately 1 4) Ignore minor loss at entrance (L >>; verify later) 


Hence the energy equation applied between the tank free surface (Point 1) and the hose exit (Point 2, z = 0) becomes 


2 
MMC X ob 
BM. E D 2 
Solving for V (1) and h = 10-ft initially 
D 
We also have Re-cV (2) where C= 
Y 
2 
ft 
2 10.8.— 2 
: -6m S —5 ft 

From Fig. A.2 (209C) v=1.8x10 .—x = v = 1.94x 10 — 

5 5 

qu 
5 
c= ق بو‎ cadas = 
12 194x 10 f 
e 
1 D 2.51 $ 

In addition — = -2.0-log| — + (3) with e = 0.01-in D = 1in 


Equations 1, 2 and 3 form a set of simultaneous equations for V, Re and f 


Make a guess for f f = 0.01 then 


V = 9.59.— Re = cV Re = 4.12 x 104 


D 2.51 


1 


f = 0.03933 V= Re=c¢V  Re=220x10/ 
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Re = 2.17 x 10° 


Re = 2.17 x 10° 


= 0.5 him < hy 


Q = 12.3-gpm 


Re = 1.53 x 10° 


Re = 1.51 x 10° 


Re = 1.51 x 10 


Q = 8.62-gpm 


Re = 6.77 x 10° 


Re = 6.50 x 10° 


Re = 6.48 x 10° 


Q = 3.70-gpm 


cV 


cV 


ft 
V-2504— Re = 
5 
ft 
V=5.04= Re = 
5 
Noe: ¢- 2243 
D 


ie 
Q = 0.00824. 
5 


T 


0.0405 


0.0405 


e 


Given 


Given = -2.0-log 


Note that we could use Excel's Solver for this problem 


ft 
Q =504=x=x 
4 


0.0405 


0.0415 


0.0415 


0.0415 


0.0452 


0.0454 


D 21 E 
e 
D 2.51 
— + LS 
nD 
Q = V.—— 
4 


The flow rate is then 


Next we recompute everything for h = 5-ft 


Given em = -2.0-log 
f 
1 1 

Given — = -2.0-log 
VE 

Given — = -2.0-log 


The flow rate is then 


Next we recompute everything for h = 1-ft 


e 
D 2.51 
E f = 
e 
D 2.51 
E f = 
e 
D 2.51 
— + f= 
Q-V v D? 
4 
e 
D 2.51 
— + i 
e 
D 2.51 
E f = 
e 
D 2.51 
I ub f = 
2 
TD 
Q = ¥. 
4 


Given 2 = -2.0-log 
VE 
À 1 

Given — = -2.0-log 
VE 

Given — = -2.0-log 


The flow rate is then 


Initially we have dQ/dt = -12.3 gpm, then -8.62 gpm, then -3.70 gpm. These occur at h = 10 ft, 5 ft and 1 ft. The corresponding 
volumes in the tank are then Q = 7500 gal, 3750 gal, and 750 gal. Using Excel we can fit a power trendline to the dQ/dt versus 
Q data to find, approximately 


where dQ/dt is in gpm and t is min. Solving this with initial condition Q = 7500 gpm when t = 0 gives 


t = 16.4hr 


t = 987 min 


7500 — 4/750)-min 


1 
TA 


t= 


Hence, when Q = 750 gal (h = 1 ft) 
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1 


= -0112.9? 


t= cog 7800 - /Q) 


Problem 8.139 


Ger, Pipe of Mera V E کس کا ټی‎ moat. ahi 
Lo We "e VR ond کین کد‎ SAS حم‎ 


.اه 


[4] Part 1/2 | 


DE RB een ML = مه‎ Qd ENE 
Wiha s BS M OS 
Das Oo 


apes akan VS > al. & ET = Xa? 
3 1 
leo mo OK “aah e amé ts os a= AMIA “le 


re لیما‎ QNM eK a vo aby = هم‎ seq sed No we 


ao “Ge Ql vow NC OR TN Maca * کې می‎ 


P EE AED ګل‎ Cx youre sees of Num sok CENI 
i Td. ala; په‎ Ly 
de eA 
JS m eres era مره‎ p Lor seu SACO چم‎ De aus 
woe QA Se ines o ces CNo e 


سن 
a mee NEN Ta Aa => = NK S EN |‏ 


E 
Vu T Su 3 a S = USE US نه‎ 
ess es AS S. = cde x= پس پک‎ 
چا لا چا‎ ٢ IAS 
RE (3 a SM 9 = sono” S 
to 


- 


ao = X2 + Wet va) È 4 da‏ = ایح “مجو 


e 


La. 
en = 1 EW 
Wee orar: B > = Ba, د‎ Ng "WR. SX کې‎ 
wm = سا‎ 4 = = 
ARA > T aad 
WES zu MÀ 7 | NU 
5 E 
4 _ O SESS Lo a ARE 
os 5 = US TAVA 5 E es = = < EV EE سلا‎ NEA ج‎ 


Uy == OLON " S es O ua Su YAS) ara‏ چک کی 


e.‏ موک Dower d?‏ ے 
ا DOS vx‏ لمکم - 0 * a AA oe‏ 
د مد کي E‏ بب (S. SEN‏ کې 0.039 


l Cor Sy =) 
SS سو ما کا‎ NAE ss پل‎ So & Y eq pesó 


LONAS NT EREN LANE‏ مکوت 


WA. La ale “K 


y ES Ew - S2 ال‎ 
Sees reduci پا‎ 
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Problem 8.139 [4] Part 2/2 | 


SSA a c Ae: NBA 
ES Q. 25V N^ y = nd) ههل وڅه‎ 


We ها‎ Pe دد وا‎ mie A ٢ Cond Mesa ES کات‎ decrease 3 SEa 
Co NERO uh wes eost. ییا پلمېه‎ oong 


s 


Ke a ok ale, CX EN MES میا‎ done یا‎ DLL os 
of لپا‎ Gn aawa وا‎ e Cer 7 l l 
A ٢ 


1.5 
Vava Re f LD VV, | 
(mis) C) (س)‎ C) (س)‎ | 
7.06 1.77E+05 00382 00 1.33 | 
5.32  133E«05 0.0384 117 1.00 | 1 ] 
5.0 1.25E+05 0.0384 153 0.940 | i 
4.5 1.:13E+05 00384 225 0.846 | Qa, | 
4.0 100E«05 0.0385 324 2 | 
3.5 8.75E+04 0.0386 47.0 0.658 0.5 
3.0 7.50E+04 0.0387 69.3 4 i 
2.5 6.25E+04 0.0388 106 0 i 
2.0 5.00E+04 0.0391 173 0.376 | 
1.5 3.75E+04 0.0394 317 2 | o 
1.0 2.50E-04 0.0402 718 0.188 a 200. 00 èdo 800 

L/D 
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Problem 8.140 
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Ras RA خپ‎ 5 X 


one 


= a erase cur = $ 
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SEE WE 


è 
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٥۸ 82 Ha 
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| 


2 
: 
È 
E] 
iy 
de 


Problem 8.141 


8.141 Your boss, from the “old school,” claims that for pipe 
flow the flow rate, Q oc V/Ap, where Ap is the pressure difference 
driving the flow. You dispute this, so perform some calculations. 
You take a 1-in. diameter commercial steel pipe and assume an 
initial flow rate of 1.25 gal/min of water. You then increase the 
applied pressure in equal increments and compute the new flow 
rates so you can plot Q versus Ap, as computed by you and your 
boss. Plot the two curves on the same graph. Was your boss right? 


Applying the energy equation between inlet and exit: 


A L Ve 2 
P = f D 2 or Ap = pvo 
p L D2 D= l in 
2 e= 0.00015 ft 
A A . 
"Old school": n = (=) (2 v= 1.08E-05 ft/s 
XQ p^ 1.94 slug/ft? 


0.00446 0.00216 0.00189 


Flow Rate versus Pressure Drop 


20 
18 
16 
14 
E 12 
5 
= 10 
2 
u 8 
6 
4 — —"Old School" 
2 Exact 
0 I 
0.00 0.02 0.04 0.06 0.08 0.10 


Pressure Drop (psilft) 


[ 900 | 002005 | 3677 | 28370 | 0.0238 | 004382 | 002604 | 
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Your boss was wrong! 


Problem 8.142 [3] 


8.142 A hydraulic press is powered by a remote high-pressure 
pump. The gage pressure at the pump outlet is 3000 psi, whereas 
the pressure required for the press is 2750 psi (gage). at a flow 
rate of 0.02 ft/s. The press and pump are connected by 165 ft of 
smooth, drawn steel tubing. The fluid is SAE 10W oil at 100°F. 
Determine the minimum tubing diameter that may be used. 


Given: Hydraulic press system 
Find: Minimum required diameter of tubing 
Solution: , : ; 
PY ٢ P2 V2 L V2 
Basic equations — + د‎ — t 21 — + um +829] = hy hj = f——— 
p 2 p 2 D 


Assumptions: 1) Steady flow 2) Incompressible flow 3) a at 1 and 2 is approximately 1 4) Ignore minor losses 


The flow rate is low and it's oil, so try assuming laminar flow. Then, from Eq. 8.13c 


1 
128-1-Q-L 128-1-Q-L a 
Ap = = H a or D= | و‎ ) 
aD TC Ap 
0.0209 Drs 
For SAE 10W oil at 100°F (Fig. A.2, 38°C) u = 3.5x wo E u = 7.32 × 19 AS 
m jm ft 
2 
m 
1 
4 
3 2 2 
128 — 4 lbf- ft j 1-ft 
Hence ص٥-‎ x 732x107 115 ene is D = 0.0407 ft D = 0.488 in 
r te 5 (3000 - 2750)-Ib£ | 12.in 

Q 4 4 te 12 1Y ft 
Check Re to assure flow is laminar V = = = — V = — x 0.02.— x — V = 15.4— 

A 2 T S 0.488 ft S 

TD 
SG, p V.D 
From Table A.2 SGi} = 0.92 so يې‎ _ 
i u 
slu ft 0.488 E ومن‎ 
Re = 0.92 x 194775 x 154. ft x Re = 1527 
ft s 12 732x10 وم‎ 71 


Hence the flow is laminar, Re < 2300. The minimum diameter is 0.488 in, so 0.5 in ID tube should be chosen 
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Problem 3 [4] 


8.143 A pump is located 4.5 m to one side of, and 3.5 m above 
a reservoir. The pump is designed for a flow rate of 6 L/s. For 
satisfactory operation, the static pressure at the pump inlet must 
not be lower than —6 m of water gage. Determine the small- 
est standard commercial steel pipe that will give the required 
performance. 


Given: Flow out of reservoir by pump 
Find: Smallest pipe needed 
Solution: , : j ; : 
Basic equations A ٠ M = Qu 2 h h h +h f L "2 +K 2 +f re 2 

— +a — +8z — 40: — + 8-29 | = = == qe خا سا‎ 

0 2 871 0 2 872 IT IT^ 217 "Im D 2 ent > D 2 
Assumptions: 1) Steady flow 2) Incompressible flow 3) a at 1 and 2 is approximately 1 4) Vj «« 
Hence for flow between the free surface (Point 1) and the pump inlet (2) the energy equation becomes 

2 
2 7 2 = i 7 N^ pic سا‎ uc v and = h 
E 17 p 52 7 D2 "tv D 2 PE 
2 L 
V L e 
Solving for hy = py/ hy = -zə - —-|f-| — + — | +K (1) 
Le 
From Table 8.2 Kent = 0.78 for rentrant, and from Table 8.4 two standard elbows lead to — = 2x 30 = 60 
D 
2 
We also have e = 0.046-mm (Table 8.1) v = 1.51 x 10 - 6 m (Table A.8) 
5 
L 3 m 
and we are given Q = 6.— Q=6x10 — z) = 3.5m L=(35+45)m L=8m hy = -6m 
5 5 


Equation 1 is tricky because D is unknown, so V is unknown (even though Q is known), L/D and L,/D are unknown, and Re 


and hence f are unknown! We COULD set up Excel to solve Eq 1, the Reynolds number, and f, simultaneously by varying D, 
but here we try guesses: 


D=25cm Ye yaq Res um Re = 2.02 x 10? 
2 S v 
TD 
e 
1 D 251 
Given — = -2.0-log| — + f = 0.0238 


2g| (D D 
4 D 
pets. a v = 3.06 Re = VP Re = 1.01 x 10° 
2 5 v 
T-D 
e 
1 2.51 
Given — = -2.0-log| —— + f = 0.0219 
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Re = 9.92 x 10° 


2 L 
۷ L e 
A AA A e EX h» = -6.16m but we need -6 m! 
سو‎ “| E s) «| : 
4 -D 
Paci: wet V = 2.942 mec 
2 5 v 
T-D 
e 
D 2.51 
zx ډک 0.08 وسر‎ f = 0.0219 
3.7 Re-/f 
2 L 
۷ L e 
h,2-2,—- —.|f.| =4=|4K hy -5.93m 
AS “| E s) «| : 


Given 


To within 196, we can use 5-5.1 cm tubing; this corresponds to standard 2 in pipe. 
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[4] 


A=bh= سو‎ sa 


d 
2 


Ap 


and 


Problem 8.144 


8.144 Determine the minimum size smooth rectangular duct 
with an aspect ratio of 2 that will pass 2850 cfm of standard air 
with a head loss of 1.25 in. of water per 100 ft of duct. 


Flow of air in rectangular duct 


Minimum required size 


Py 
—+a—+22z 
ې 2 م‎ 


Given: 
Find: 
Solution: 


Basic equations 


Assumptions: 1) Steady flow 2) Incompressible flow 3) a at 1 and 2 is approximately 1 4) Ignore minor losses 


Hence for flow between the inlet (Point 1) and the exit (2) the energy equation becomes 


P1 P2 AP, pw 
P P P Dy 2 
2 
4-b-h 2-h 7 2-h-ar 
D} = =— = =—— = and also 
2(b+h) h(1+ar) 1+ar 
o eet 
2  2-h-ar 2.۸ 2-h-ar 4 ar i 
1 
2 5 
h- p-f-L-Q )1 0 (1) 
4-Ap 3 
ar 
کې‎ 
Q = 2850.— L = 100-ft e = 0-ft ar = 2 
min 
2 
slug ft 125 Ibf-s 
Ap = -g-Ah Ap = 1.94-—= x 32.2 — x ——.-ftx 
P 2 58 p m 2 12 slug. ft 
5 
slu 4 te 
p= 0.00234. 2 vequed a (Table A.9) 
ft 5 


For a rectangular duct 


Hence 


Solving for h 


We are given 


and also 


Equation 1 is tricky because h is unknown, so Dy is unknown, hence V is unknown (even though Q is known), and Re and 


hence f are unknown! We COULD set up Excel to solve Eq 1, the Reynolds number, and f, simmultaneously by varying h, but 


here we try guesses: 


1 
2 5 
f = 0.01 h= PÊLQ (Gra) h = 0.597-ft V = Q V= 66.6:-£ 
ar h -ar 
D = 4 تا‎ Re = Re = 3.27 x 10° 
1+ar v 
e 
l 1 Dh 251 
Given — = -2.0log| — + f = 0.0142 
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V = 57.8:— 


Re = 3.05 x 10° 


ft 
V = 57.5-— 
S 


Re = 3.04 x 10° 


ft 
V = 57.5— 
S 


Re = 3.04 x 10° 


V = : 
h -ar 
V-Dh 
Re = 
v 
f = 0.0144 
۷ 
h ar 
V-Dh 
Re = 
v 
f = 0.0144 
۷ 
h ar 
V-Dh 
Re = 
v 


h = 0.641-ft 
Dp = 0.855-ft 
e 
21 li + 
— سرز‎ . 0 €— 
: 3.7 
h = 0.643-ft 
Dj, = 0.857-ft 
e 
Dn 
— = -2.0-log| — + 
3.7 
h = 0.643-ft 
Dp = 0.857-ft 


1 
5 


p-f-L-Q* (1+ a 


h = 
4-Ap a: 
D. = 2-h-ar 
h 1+ar 
Given 
1 
2 5 
p-f-L-Q” (1+ ar) 
4-Ap E 
Diez 2-h-ar 
h 1+ar 
Given 
1 
2 5 
h- ().1.1.م‎ (1+ ar) 
4-Ap ar 
D. = 2-h-ar 
h 1+ar 


In this process h and f have converged to a solution. The minimum dimensions are 0.642 ft by 1.28 ft, or 7.71 in by 15.4 in 


http://librosysolucionarios.net 


سب 3) 8.145 Problem‏ ب 


Given! Nero industrial plant requires water supply of 7 m */mn 
The gage pressure at the main, 0m freni the plant, 15 

| 800 kf. The supply fine tui haue 4 elootes in û tota! 

fog b of mn, Pressure in the plant must be at east 

| S00 ka. (gages. 


Find) MAENT tine 34د‎ at galucarid 1090 fo install. | 


Solution: Apply the energy Egea fión ter SECON, ¡ntomparecssióla Flo 
that کر‎ uniform AC each section (à په‎ /), | 


| alo (3) 4C Q3) 
i . is tel رح‎ "A i DU. L v 
| Basic Eguanen: نوت‎ +32, va A he pi 


| :دمص فدھ‎ O) p, fi € doo kf = Ap 
: : (2) Fig developed flota ta COSTA Ar EL pata, Y m RV | 
| ulla ت دي‎ uu | 

- c boe دس‎ 2 
6) hin, E 1 oe. So 120 سک‎ (E = 20, ری یکرم‎ Tbig FS) 


Haras 


OR. +) or Ap = )۴م‎ +20) ¥ 
a a 


| 4/0c6 D / can notar, iteration d$ (Eger ed, THE CR feni feng GAMO 


| re: 
| ada O. E LL E CES . | 
A FTO m aun Dim? bos De | 
Re = V2 A . ha " sum? ada x E EL = 1,06 x /o (T *4S?6) 
ول‎ mpb I quà dee Bm b0 5 P | 
1 
| 


ie D ۷ Re /سا £ مر‎ Ap | 
(00m,) | (m) (mis) (-) (7) (7) (=) (kPa) | 
wp eae dM an 
3 0,5714 / ۹ [36 xio“ 4.0019 ده‎ 02% E 4532 
5 J. /ZÊ 7.39 8.29108 000:2 61021 Sof 360 


| fpe Friction Coders ډو وه ګه/‎ Ara daceeervyY€ on ley to rfi About E 10 

| percent, Lone roses FONE Cadd Co nemo cem پل«‎ Ap ) tot. rcnt 

tori & ge, | 
| 
| 
i 


| 
| 
| 
: 61154 5:٥6 bft ٨7 AOZO 22 Hg E | 
| 
| 
| 


| Recommend mata Mahon of b in. (Aoma d) ne, 2 


i i 


* Nalus CL وسواو‎ using اوغ‎ & Soler Coc Gexl di 
| 
| 


i 
| 
1 
j 
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Problem 8.146 [4] 


8.146 Air at 20°C flows in a horizontal square cross-section 
duct made from commercial steel. The duct is 25 m long. What 
size (length of a side) duct is required to convey 2 m/s of air with 
a pressure drop of 1.5 cm H20? 


Given: Flow of air in square duct 
Find: Minimum required size 
Solution: 
2 2 2 
Dj V1 P2 V2 L V 4-A 
Basic equations — + وسو د‎ + 821 — + u + 8:25] = hy h = f—— Dy = — 
p 2 2 Dp 2 Bs 
Assumptions: 1) Steady flow 2) Incompressible flow 3) a at 1 and 2 is approximately 1 4) Ignore minor losses 
Hence for flow between the inlet (Point 1) and the exit (2) the energy equation becomes 
2 
P1 P2 A L 
"EC Rd and Ap = pgpo; g Ah 
P p P Dy 2 
For a square duct Dy = E LU =h and also A = hh = h? 
2-(h +h) 
2 2 2 
£L. 
Hence Ap = nibil = pfL. Q 7 = p = 
ch 2hA 2-h 
1 
di : 
Solving for h h = p. (1) 
2-Ap 
a 
We are given Q =2— L = 25-m e = 0.046-mm (Table 8.1) 
5 
k m Nes? 
and also Ap = ووېم‎ g Ah Ap = 1000 x 3815 x 0.015-mx Ap = 147Pa 
w E kg-m 
k 5 m 
p= 121% v = 150810 es (Table A.10) 
5 
m 


Equation 1 is tricky because h is unknown, so Dy is unknown, hence V is unknown (even though Q is known), and Re and 


hence f are unknown! We COULD set up Excel to solve Eq 1, the Reynolds number, and f, simmultaneously by varying h, but 
here we try guesses: 


1 
2 5 
f = 0.01 jo ERES. h-033m  v- 9 V = شو‎ 
2-Ap h? 5 
V.Dn 5 
Dy = h Dy = 0.333m Re = Re = 4.00 x 10 
v 
e 
: 1 Dh 251 
Given — = -2.0log| — + f = 0.0152 
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2 
ایر‎ PEEL h = 0.362m vee V۷ = 152۳ 
2-Ap h2 5 
V-D} 3 
D, =h D, = 0.362-m Re = Re = 3.68 x 10 
h h 7 
e 
1 Dh 251 
Given — = -2.0-log| — + f = 0.0153 
1 
AS 
jc Dion h = 0.363m veru wanes 
2-Ap n? 5 


In this process h and f have converged to a solution. The minimum dimensions are 0.363 m by 0.363 m, or 36.3 cm by 36.3 cm 
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B] 


Problem 8.147 


,8.147 Investigate the effect of tube diameter on water flow rate 
by computing the flow generated by a pressure difference, 
Ap = 100 kPa, applied to a length L = 100 m of smooth tubing. 
Plot the flow rate against tube diameter for a range that includes 
laminar and turbulent flow. 


Given: Flow in a tube 


(Turbulent) 


Find: Effect of diameter; Plot flow rate versus diameter 
Solution: 
, — 2 y 2 ٩ 
Governing equations: P1 Vi MES V5 (8.9) 
|[—*e91—-*87|-| — +a- + 82) = hy 
p 2 p 2 
VD L v? 
gez PU hı =f. (834 
Hu D 2 
= 
64 ; 1 D 2.51 
f=— (8.36) (Laminar) — = -204og| — + (8.37) 
Re "n 3.7 Re4/f 
The energy equation (Eq. 8.29) becomes for flow in a tube 
7 
EY 


— py یکرت‎ = pf-—- 
a ad dl 


This cannot be solved explicitly for velocity V (and hence flow rate O). because f depends on V; solution for a 
given diameter D requires iteration (or use of Solver) 


Fluid is not specified: use water (basic trends in plot apply to any fluid) 


Given data: Tabulated or graphical data: 

Ap = 100 kPa u= 1.00E-03 N.s/m* : : 

Ls 100 m p- 999 kg/m? Flow Rate versus Tube Diameter for Fixed 

(Water - Appendix A) Ap 
0.8 4 

Computed results: 
تفا‎ [V eso asc Re [Regime] y لتا لتاق‎ 0.6 | 
100 Q (m/s) 
100 x10" 04. كش‎ 

20 | 0.125 | 0.00393 [250|Lamina| 0256 | 100 [0.096 ' , 
| 2.0 | 0.125 | 0.00393 [250 | Laminar 0.256 | | 0.096 | : , 
ea " 
goa دا وسو‎ "d 

5.0 [| 0.460 0.0904 — [2300|Turbulen| 0.0473 | 100 [0.2% . 

0.530 0.150 — [3177|Turbulen| 0.0428 | 100 [0.0% . 
| 6.0 | 0530 | 0150  [3177|Turbulen| 0.0428 | 100 [0.0% | : 
Ce اد‎ | 
0.659 0.331 [5270|Turbulen 0.0368 | 100 [0.0% 

| 8.0 | 0.659 | 0331 ۱52701101001610 0.0368 | 100 [0.0% | 
[ 90 | 0720 | 0458  |[6474|Turbulem| 0.0348 | 100 6 0 2 pim ^n 

100 | 0.778 0.611  |7776|Turbulent] 0.0330 | 100 [0.0% 
| 10.0 | 0.778 | — 0.611 — [7776|Turbulenj 0.0330 | 100 [0.0% | 


http://librosysolucionarios.net 


Problem 8.148 [4] 
8.148 What diameter water pipe is required to handle 1200 gpm 
and a 50 psi pressure drop? The pipe length is 500 ft, and rough- 
ness is 0.01 ft. The water is at 68°F. 
Given: Flow of water in circular pipe 
Find: Minimum required diameter 
Solution: : : 
: l د‎ V1 P2 V2 Lv nD 
Basic equations — + ووس د + — 821 + وسو د‎ 825] = hy h = f—— and also A = — 
p 2 2 D 2 4 
Assumptions: 1) Steady flow 2) Incompressible flow 3) a at 1 and 2 is approximately 1 4) Ignore minor losses 
Hence for flow between the inlet (Point 1) and the exit (2) the energy equation becomes 
P1 P2 Ap QLOV 
P p P D 2 
2 2 2 
L L 8-p-f-L 
Hence Ap = WM =p poe = p 7 = 
2 2A? RD 
1 
8 SE : 
Solving for D D= ا‎ )1( 
T -Ap 
We are given Q = 1200-gpm L = 500-ft e = 0.01-ft Ap = 50-psi 
slu 5 ft 
and also p= 194775 v =1.08x 10 اا‎ (Table A.7) 
5 
Equation 1 is tricky because D is unknown, hence V is unknown (even though Q is known), and Re and hence f are unknown! 
We COULD set up Excel to solve Eq 1, the Reynolds number, and f, simultaneously by varying D, but here we try guesses: 
1 
2 5 
8-p-f-L: 4 ft -D 
f-001 D= Te D-03740 V = E ويون«‎ Rec petor 
T -Ap TD 3 ii 
E er] 
1 D 2.51 
Given — = -2.0-log| — + f = 0.0543 
1 
2 5 
80 4 ft D 
D = AA D=0.531-ft V = = ۷ = 12.1. Ress ونو‎ 
T -Ap T-D à E 
e 
D 2.51 
Given — = -2.0-log| — + f = 0.0476 
3. Ref 
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Re ے‎ x 10° 
5 

Re = 6.08 x 10 
5 

Re = 6.08 x 10 


ule 


2 
8-0-f-L. 4 ft D 
D = E Q D-0518ft V= = V = 12.7. د لدې‎ 
T -Ap T-D : d 
e 
D 251 
Given — = -2.0-log| — + f = 0.0481 
3 Re-/f 
1 
AS 
8-p-f-L: 4 t -D 
= = Q D-0519ft V= = ۷ = 12.7. سيو‎ 
T -Ap T-D B Y 
e 
1 D 25 
Given — = -2.0-log| — + f = 0.0480 
1 
AS 
8-p-f.L. 4 ft -D 
D= T D-0519ft V= = V = 12.7. سو‎ 
T ‘Ap T-D s 5 


In this process D and f have converged to a solution. The minimum diameter is 0.519 ft or 6.22 in 
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[3] 2 
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Sue = e 7 5 پر‎ CNN 
: -> eS 
sce = QA ES m E PoS M - Sá e NSA* WC X — 
EU oS ol. GUA dee سیک‎ e ls | 
CN سا د‎ ASA V a = Ba La Sl 
V. ab | 
V eos 09 NS EA = 5 añ us 2 < | 
Qe pe Gown Fhe G RAID | 
nice NS Di e >è ۰ " 
CG €. BS. = پا‎ x e Ss SEN u fle e QNS | 
ES ES Z oS > s” AN | 
"NS SS iem IN | 
DA | 
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Problem 8.150 BL 


Geert BR سه‎ ¡E ES LS 
A “eee پسدي کا دد ورن وه وکح دنو‎ DES, 
hee, = Los. S wen و‎ MENA S^ 
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, i 
GN 
nm = Ce. NN 
تا‎ CO GSS de | 
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با‎ 3 E Ns dit om rud PHRASES 
La 
po Ea % 24, چ چ که = اف‎ 


Oo 


(e BELL. Piai 4 ERE yA So Yen 
يم‎ USES NECS We ۰ 
Y تس‎ x Se Qs د نن‎ Nos i 


Mi | 
Ge èx ve? * DLL AAA x O. OAR MESS Š $9 

NEES کي‎ Caen Lo x AY ve 
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Be مش‎ of خا‎ danes ue وما‎ Solser Lor God شک‎ 


http://librosysolucionarios.net 


E 
E 
e 
k 


St 


راد 


i d *8.151 [4]‏ د دوو 
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Ss کا هعنم کې‎ e پا‎ vow doa, "n € ON 
of Le use. سی‎ 


Length of line from tank to valve سم‎ bas ES 
Inside diameter of fine PLD مه‎ a Mon 
Elevation of oil surface in tank os vs 
Elevation of valve on wharf io «^ 
Instantaneous flow rate 2a ES 
Head loss in line (exclusive of valve . 
Lee being closed) at this rate of flow LA y, & ER 
338 Specific gravity of oil os 25 Mo vA 
- VA. Ake WAS E N دا‎ ok «9 ange ESE 
5 Bas ce. V 


ht ملسو‎ sE ode ecd سیا‎ wit Raun we ned Le 
— سي سم‎ CERTI EME Y 


undieady Bm eq aos (Eg. bad NS 
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۹ Se as x X NN AS SOOO Age Ay, eae Mars 
a ورت‎ As = Su rá 
ES تت و‎ SRS : 
چک پل‎ (00 Ms 
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tam ha AAA vl 
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له‎ | 2 
پد‎ A د د ند د‎ Me 


po شه‎ Lan ecu C Are of nas c& Me ieee Sas Vols MS 
ec = AN AS wy 
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aL ES 
نف‎ E N NG بیع‎ (o EE کله‎ y ees E a MES lak 
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Problem 2 [5] Part 1/2 


Vie) 


K, Co) 


Given: Problem 8.151 describes a situation in which flow in a long pipeline from a hilltop 
tank is slowed gradually to avoid a large pressure rise. 


Find: Expansion of this analysis to predict and plot the closing schedule (valve loss 
coefficient versus time) needed to maintain the maximum pressure at the valve at or 
below a given value throughout the process of stopping the flow from the tank. 


Solution: A Pply the aska hy 8 li eq uahon with û head loss term added. | 


Computing equatisn: A —3 = 200 f 
5 ~ol) L= 10/0090 FF ! 
: Dapa. 
+ Ys 43, SUE SY ds + har G : 
Au? 20 fF 56 zO Fy 


Assume: )۱( v, ۵ (3) p = constant Do = 1.5 43/5 
© p, = frtm Line loss = 1S ۴۸۲ of oil 
لا‎ 
A+ the EY, wadrhe, v E. يا اي‎ rub 2 ua ES t, 25 Yi fa 
H = 784 = Der xu Y . باش‎ A 27 32.24, 
Ve P$ a ړال‎ £e a ¥ w Blof 
7 3 Dig i rc x TET : 


Neg teeing ve loc rfe, 11 tad le, f X ds mf" ay de > 3v L 
/ د‎ 


Thus N a Lf اه هد‎ 
0)) oso ou 


Su. bs و‎ tag va. A s, 


eror d Eu = a Mee کو‎ Shug fe 31.2 allel tA 

dt ~ 7٨7 int (5. £0) 1. Hg £f; j. Lov ae NÉ + H Ge Zo) ff ( es "J 

Y = -0 9) fE 00131 V? =-Catteiyv4); 0=doé 2084 j Vin fs 
sk 


. ; í = [0.0121 a 787 
Separa hag variables and inka 7/۰۰ 4 
v dv 
= ~ BV - M 
aroe * Eten a, = dz toe "9۷ ے‎ tan CES [5t um 


C 
as ta by LW A 
TEM a — an l مه‎ m T “tb. 
O A bt t E or VY L tan[tan > Vo abr] 


The pressure must deep across the valve: 


Ê) 2‏ = رو تر = (B+ up j= ha‏ ون نر 


ام ام 


t t20, d وو‎ Až El " 
At t Ky x - *( 3811 4a Jug no NOR: هره نې‎ = /, 30 Le =o) 


la tenlathoos and phis are Shown Da the sorradshect, next page. 
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[5] Part 2/2 


Problem *8.152 


de Flow Velocity versus Time 
5 
(ft/s) 
4 
E 
g 
>3 
E 
o 
2 
| $2 
| 3 
2 
ما‎ 
1 
0 
0 1 2 3 4 
Time, t (s) 
Valve Loss Coefficient versus Time 
100000 
T 80000 
| x 
E 
i £ 60000 
¡2 
= 
8 
w 40000 
و‎ 
| 2 
& 20000 
G 
1E+6 
0 
Y 4E+5 | 
E " 
2 
o 
E 
Do 
1 [e] 
1 o 
با‎ 
u 
S 1E+4 
o 
2 
b 
> 
1E+3 
0 1 2 3 4 
Time, t (8) 
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0.828 
0.114 
43 

K (—) 
03 
T.71E*3 
2.16E+3 
2.79E+3 
3.70E+3 
5.07E+3 
7.28E43 
1.12E*4 
1.92E44 
4.د‎ 
1.00E+5 
1.22E+5 
1.00E+8 
2.03E+6 
2.92E+13 


Y 
E D 
z 
ES 
k 


Problem 8.153 [2] 


8.153 A pump draws water at a steady flow rate of 25 15 

through a piping system. The pressure on the suction side of the 
pump is —2.5 psig. The pump outlet pressure is 50 psig. The inlet 
pipe diameter is 3 in.; the outlet pipe diameter is 2 in. The pump 
efficiency is 70 percent. Calculate the power required to drive the 


pump. 
Given: Flow through water pump 
Find: Power required 
Solution: À , 
Pa Va Ps Vs Q 4Q 
Basic equations h =|—+——+8z — +— +gz V = — = —— 
q pump 0 2 این‎ 0 2 8:25 A ap 
Assumptions: 1) Steady flow 2) Incompressible flow 3) Uniform flow 
3 2 
Hence for the inlet Vy = 2 x jp 53 x E x ا‎ x E V= gist pg = -2.5-psi 
T 5 322.]bm 652 3 ft 5 
4 . lbm lla te 12 1Y ft 
For the outlet Vg = —x25—x e e s Vq = 18.3— pg = 50-psi 
T 5 322.]bm 652 2 1 5 
2 2 
Th h هن‎ Wi MAL d h 
en pump = o i 3 — us Wbump = "pump "pump 


2 2 
Pq-Ps Va - Vs 
Wpump = pump o * — 3 T 


: ; i 
Note that the software cannot render a dot, so the power is Wpump and mass flow rate is Mpump! 


2 3 2 2 
Ibm — Lsl Ibf (124 ft 1 ft^ lbf- Lh 
gc US | ee د‎ (18.32-g.152)(#) نا کال‎ tp 
pump s  32.2-Ibm in2 XE 1.94-slug 2 s slug-ft} شا‎ 


Wbump 


Wpump = 5.69hp Foran efficiency of y = 70-96 Wrequired = 7 Wrequired = 8.13hp 
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Problem 8.154 [1] 


8.154 The pressure rise across a water pump is 75 kPa when the 
volume flow rate is 25 L/s. If the pump efficiency is 80 percent, 
determine the power input to the pump. 


Given: Flow through water pump 
Find: Power required 
Solution: ! , 
Pa Va Ps Vs Q 4Q 
Basic equations h =| — + — +gz — + وې‎ +gz V = = = —— 
pump d 5 
Assumptions: 1) Steady flow 2) Incompressible flow 3) Uniform flow 
In this case we assume D, = Dg SO Vg = Vg 
00 Ps Ap 
Then hpump = EE - us and Woump = Mpump pump 
Ap Ap 
Wpump 2 pump E ot = Q:Ap 
Note that the software cannot render a dot, so the power is Wpump and mass flow rate is Mpump! 
3 
L  0.001-m 3 N 
Wpump = 257 755 10° Wpump ۷ 
m 
- o Wpump 
For an efficiency of 1 = 80-% Wrequired = د د‎ Wrequired = 2.34-kW 
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v, = 1201157 
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Å RA AA LION,‏ همها RE y i24‏ - 
Eo $-‏ اوه ext‏ دطنمه- دود نه Nu‏ 
شا Sere = 2$ So 00 QWs ws rend daa Aes‏ 
-* * 
یڅ ¥( | Sere E‏ ے 
Beng" -Qi ZAN E SN A‏ 
AOS S ua. - hae : EN = y dr‏ 
Ag. Sow, 8 aguo Ala |‏ هغه ام x‏ = چیا 
: دد rug‏ 
Vs o pem QNA‏ | 
| پس =z (e‏ کا پټ = چا کی We‏ 
لک AN Ra oead, SORA ven MSN‏ دا 
aves‏ ج کعما ) X £c‏ کې end = 1 SR sit‏ 
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ross SR LN Çs 0.03 and 
M E 
he = A TOO. NS. ec ce A3 پوه د‎ ACS (E 


تیا 
اح Va NS‏ = 


SR لل ولو‎ _ 
E ro دغه‎ Gas CRY SGL, apoyada اح‎ Reni 


tees (2 لی‎ | (e Jat 
Ar 7 ees OS $ eA e. T "E SIN CS as) 
s Quy = c a چیا‎ 
ېې قا‎ = Milos QS QU QAM, Wn = 
Sone د ده‎ Las” ae Qe ao T ately ۳ 
Nie: au ide Teg peed Swe اس‎ ws 
GS. ‘Sheer = XM. ٢ کلف‎ 
ro Ludo = ن‎ 
SNA, Bang ORES اه مک ار‎ 53 
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| Bes نز دو‎ E لھ‎ dy 3 we a= Ae A dE esa 


= Balkanai 


Problem 8.159 [4] 


8.159 A fire nozzle is supplied through 100 m of 3.5-cm diameter, 
smooth, rubber-lined hose. Water from a hydrant is supplied to a 
booster pump on board the pumper truck at 350 kPa (gage). At 
design conditions, the pressure at the nozzle inlet is 700 kPa 
(gage). and the pressure drop along the hose is 750 kPa per 100 m 
of length. Determine (a) the design flow rate, (b) the nozzle exit 
velocity, assuming no losses in the nozzle, and (c) the power re- 
quired to drive the booster pump, if its efficiency is 70 percent. 


Given: Fire nozzle/pump system 
Find: Design flow rate; nozzle exit velocity; pump power needed 


Solution: : 


Basic equations — + aaa ۲ 822 — +a—— + 8:23] = hy hy = ru for the hose 


Assumptions: 1) Steady flow 2) Incompressible flow 3) a at 2 and 3 is approximately 1 4) No minor loss 


2 2 
— وو کس زو‎ ١ = —+—+gz 
0 2 873 0 2 B4 


for the nozzle (assuming Bernoulli applies) 


— + د‎ —— + £25 m وسو یي‎ 821] = hpump for the pump 


Assumptions: 1) Steady flow 2) Incompressible flow 3) a at 1 and 2 is approximately 1 4) No minor loss 


2 
P2=P -Ap- 
Hence for the hose Ap. oe رن سو‎ pi. or V= 2:Ap-D 
p 0 1) 2 11م‎ 


We need to iterate to solve this for ۷ because f is unknown until Re is known. This can be done using Excel's Solver, but here: 


2 
k = 
Ap = 750-kPa L = 100-m e=0 D=35cm p= 1000.5 ve 10110 0 
m S 
2-Ap-D -D 
Make a guess forf f = 0.01 يې‎ 2۷7 Mer. Me Re = 2.51 x 10? 
p tL S v 
e 
1 D 251 
Given — = -2.0-log| — + f = 0.0150 
2-Ap-D 2 
y= 2 V = 5.923 e Re = 2.05 x 10° 
p-f-L 5 v 
e 
1 D 251 
Given — = -2.0-log| — + f = 0.0156 
2-Ap-D 2 
= E V =5812 joe Re = 2.01 x 10 
م‎ 11 5 v 
e 
1 D 251 
Given — = -2.0-log| — + f = 0.0156 
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V.D 
V = ووه‎ Re = Re = 201x10” 
5 v 
T 2 m 3 m n 
Q = — x (0.035-m) x 5.80-— Q=5.58x10 —  Q=0.335—— 
4 5 min 
2 
Va 2-|p3 - P4 2 
—— + £Z4 so V4 2 | ——— +V} 
p 
V4 =379— 
5 
Py V1 P2 Py 
— d Et t 8۶1 = hpump SO hpump = xm 
P2 = 700-kPa + 750-kPa P2 = 1450kPa 


where Poump and Mpump are the pump power and mass flow rate 
(software cannot render a dot!) 


3 


-3m 3 N 
Ppump = 5.58 x 10 — x (1450 - 350) x 10. Poump ۷٧۷ 
m 
6.14-kW 
Prequired E 70-96 Prequired = 8.77kW 
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2 
-D 
Q=VA= SA 
4 
2 
P3 V3 p 
For the nozzle — رو‎ — +823 = — 
p 
V4= 
For the pump P2 Vo 
— fo س‎ + 9 
p 2 
p, = 350-kPa 
The pump power is Pou mp = "pump pump 
(P2 i P1) 
Ppump = P um = Q- (P2 = P1) 
Ppump 
Prequired = Um 


[4] Part 1/2. 


Problem 8.160 


Given | Heduy Cro de e| Cáo = 0.9) pumped through e level م/م‎ hine at 
a fate of 400,000 barrels per day Ci ebi = Yigal). Pipe rs boom 
MN da meter GATA Bm) LEIA Thickness. Maximan CA OVA bE 
SESS n puc (ual! s 21$ MPa. نو‎ 4 ٢ PESSE مر‎ Ol rs 
Sto AR (pc Lox” mls) Fee hatc rs Steel, 


Fond) (A) Maximan daffouaébie Spacing betiute puauyne STATIONS. 
(& Power added To oll Gt each pumping 7 


Solution: First find the maxinium Pressure Allowable 1 Pup. 
Consider a Free Dod daran cf à segment of length, L: 


Basic equation: ŽE =0 Trax EL 4 
Assumption: Neglect hydrostatic Prax Eos 
pressure vortaib,, 
and Qfmospheric presstera 

Then Imax EL É = ٢٢ 

Ex = Pmax Ob T Ear =O 

“Pmax a CÓmax È, = Ex 2185 MPa. * leen = cH MPa (quae) 
D laco many x 

: ^ : us ; ESA م‎ : " cv 

774. Ene Pumping problem 15 as تسه هد‎ bellota. {£ 


وروی 


pes | 
Op, =a. Gage) Pre Sob aus) O رلا‎ Depas numa 


To ting L y Apply Tho Energy equa tian for Steady, ¡Ncompressitte Ficus 
thar 55 ee até caca Section. 


40) (8 4 a) os) 


3 : ANM d mm 4 = 4 
Caste م93‎ 2.2 2 +93 = = Pa + M. 783 ther ; hey = LEM + him 

E E ¿e ra / 
Assumptions) (i) V, چم‎ 


(2) 2, = ĝa (evet) 
G) Aem m0, Since SAAT, Cor Sd aun Y area pipe 


Then ٨ ري‎ D 
v^ / L - E, و‎ 
لاج مې‎ = 7 or m p (CGE Fa ee 0 
Wo ۵ a xo bbl das b : -A a 
V -= Z, 4r Algal y gl brom 4 z 
(A day” Zh * Soros * ZÎ ۸) نا‎ a” ir ae = akom ls 
= fe Elp), From Table B.1,€ * oobis, t C/o = 171 “io Rey no kls rater د(‎ 
VD YD ; 4 
Re d org v. E x P > 2 2 obo »* ES Tihu Sho 
تو‎ Y & MET 


Fram Eg 8,32, E= 0.0277 د يي‎ Ecl 4 Sefer or Goal 8٢ 
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[4] Part 27 


Problem 8.160 
Thus. sube toute TS id 1 


de 
هغاه و‎ lac? - SS Ld a Š n EN 
همه‎ rs Sa * (eA بل کې‎ 


L= 56 4 | 


Won | 


To Find pump pour delivered to the oil, Apply The energy egt Ton to the 
QW Sota, be tester) sechoos (2) and (3) 


Era ral E E oe 
E لود‎ " [t «d MT = e Ae np 


Sita Y 7 fonstadt sand elevato] Change is Sen Add. this reduces 75 


Far fa 
F 


(5.45) 


A boue = 


E 
3 
= A O N, e x fg 
m وه‎ aaa ky nog 


pe él z PA 
Bh pump e LAS x iD PAIS 
The mass flaw rade 15 


m = ام‎ = (4. 20) 999 ka x 400,090 pel K 42 2 y 9h a a, Hal, day he 
ie 3 2 qt ې‎ Ze” sene 
bgo bg ls 


ThE power Added to the oil is 


Wamp A me bh pump 


= bo kg 7 1 #1 "n E cu 
E 


"n 


Weump * 1,130 اسا‎ 


Note pump offre ent does nof affect the pouer that rast bt ached To theo 


http://librosysolucionarios.net 


» 
8 
ES 
= 
E 
E 
E 

te 


Problem 8.161 [4] 


Owen! bien tam 00 Peras Engineering Mal! has 


Q = 53 gpm and H= fo m (32,9 f4) 


Fina: ه55۸‎ af annual cost مډ‎ operada Ye Star AA jr, 


Sofu ton: Model Fourstar as A vereal Jee Ch) duse v 


AXIY cost), 


Computing e ah ens : à 
dye) = at 2 لس مر‎ ly Mor fy) 2 iia aia 


YA) وروما کک‎ € n = p. fa Th دا‎ hr 


ce E hora ta 


VL terria هنس‎ J motir * ۵ T V =0.8 


E bythe lite 8 Apo 


Aj = 36S days, 29 hr. a £960 مو‎ [ue 
gr Ley 


The. irre EGUI f Ap y FS H, as 


Ap = 194 slug, 32.2 fh o. 32,9 fe, BEES” IS fir 
St 


fp = Sieg AF 
Combining, 
7002هل‎ — Ly 5594 ړ‎ zosx p? lbf, Pro he 
Khar 0,8 (0.4) Ad MD Y LT 
شک‎ | i Apna x سو‎ kl 
K 3498 gal "33,000 T? Hf hp 


The fountain does riot operak gear- ,لوسم‎ TT naught be, 
; rf : 
more fair Yo بلک‎ (MR 13 per day oF مه‎ 
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Problem 2 [5] Te A 


Given: Fè tre kun products trensported teng distantes by rye Lim, 0g. the 
Alashan pipe line Ste Example Pr blern o]. 


Find: (a) Eshinate of energy needed fo pump typical Petrokun product, 
expressed as a rocon of throughput entrgy Carried by palpated int. 


©) Statement and wheal assessment of A temp ens. 


Thus A w exe? bb) uz _ #3 day, 2 pou Bj. 
Ae” هه‎ 7 TP gal Qu hr دغه‎ / 
and 


M EPA 6ک‎ Pm. = 0.43, 1-4 Sieg, WIR? u /3 slug js 
Vest 


The energe content of د‎ typical petritam preckact دا‎ about 18,900 Bha fibra, Le 
the throughput energy is 


Enter = 17/00 Bh T 3. ميو‎ 1.09 x o. د8۸‎ 


JE Seq 


From Exampie Probkm Pit, tach pumping stahon requires 3,800 hp, and 
they are located L9 12٥9 nk apart. 


E sa ee = 15% / 4, 
Or About N 7 pumping Statwns. Thus the total energy requ ined to 
pump Must be 


Panw = 7 Stadhens, 3420 AP ما‎ 259,000 hp $ 
Station 


Expressed as a frachen of throughput encgy | 
P 259,000 4 -3 
سه‎ ۶ 2565 Btw bc a مرټیال/‎ 7 or 000/57 
E” ean | ووس‎ S00 $ 

Thies about 007% 0F energy ts used Tor transporting perro leum., 


ds ea 


The Assumptens ۱۰۴4رت‎ above appear reasonable, The Cornpiuk dS esit is 
probably Acauradt within tnt. 


A more universal metric wold be energy Per Unit mass And distante, EG 
Energy per ton-mile of وو مه‎ 


E. He ے‎ P ه#,)د ے‎ ٥ پم‎  , کک ر‎ Btu AS hr 
Mt my. L E AL "8F shag ome he: We 32.2 jam کد"‎ 
Thus P 
rs E X ] é 
ee Vita Bha [ton mi 


E دس‎ Ten 


This specifi metre años aut IDN arisen uth other modes of transport. 
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Solution: From Example Prob lem Fe, for the Alaskan pipeline, & * box io^ bpd, 


339 S00 RECYCLED WHITE $ SQUARE 


392 100 RECYCLED WHITE 5 SQUARE 


TRE 
1 
x 


13. 
42 
42. 
42 
42. 
42. 


— 


EN 


0.07 


14] 


(Turbulent) 


Circuit and Pump Pressure Heads 


0.03 0.04 0.05 0.06 
Q (m/s) 


Problem 8.163 


8.163 The pump testing system of Problem 8.114 is run with 
a pump that generates a pressure difference given by Ap = (7 NN 
750 — 15 X 1040? where Ap is in kPa, and the generated flow rate Pump 
is O m/s. Find the water flow rate, pressure difference, and power | 
supplied to the pump if it is 70 percent efficient. 1 Gate Valve ) 
ps 7 
Given: Flow in a pump testing system 
Find: Flow rate; Pressure difference; Power 
Solution: 
vj vj 
Governi tions: P1 1 P2 2 
overning equal E +04 + El - E +09 + " = hy = RA h + 2 him (8.29) 
1 major minor 
VD Lv Le y 
p-V- eV. 
Re- =f—— (834) = f (8.40b) 
p ^ D2 Pim D 2 
E 
2.5 
f= = (8.36) (Laminar) i = -2.0-log = + : (8.37) 
Re f 37 Ref, 


The energy equation (Eq. 8.29) becomes for the circuit (1 = pump outlet, 2 = pump inlet) 


P-R Lv y v? 
RT 57 dew ifla > 
wa 
2 L L 
V L elbow valve 
or Ap-2pf.——.|—-44 + 1 
Ts E D D di 


This must be matched to the pump characteristic equation: at steady state, the pressure generated by the 
pump just equals that lost to friction in the circuit 


4 2 
Ap = 750- 15x 060 8 


Finally, the power supplied to the pump, efficiency n, is 


Power = Nas 6) 
Given data: Tabulated or graphical data: 
L= 20 m e= 0.26 mm 
D= 75 mm (Table 8.1) 
Mpump = 70% H= 1.00E-03 N.s/m" 
ووو حم‎ kg/m? 
(Appendix A) 
Gate valve L /D = 8 
Elbow L/D = 30 
(Table 8.4) 


Computed results: 


Ap (kP Ap (kP 


17005100260 283 | 735 1000 - 
[ 0.015 | 340 ۱254805100277 631 | 716 T s. 

"Ad mm * 
S400] e 

200 - me 

: DN 

که به 00 


0.060 | 136 ۱006100274 996 | 20 | 


Error 


7.11E+05] 0.0274 | 0  JUsing Solver! 
Power = | 291 kw (Eq. 3) 
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Problem 8.164 Equations [4] 


8.164 A water pump can generate a pressure difference Ap (psi) 
given by Ap = 145 — 0,1 Q^. where the flow rate is Q ft/s. It 
supplies a pipe of diameter 20 in., roughness 0.5 in., and length 
2500 ft. Find the flow rate, pressure difference, and the power sup- 
plied to the pump if it is 70 percent efficient. If the pipe were 
replaced with one of roughness 0.25 in., how much would the 
flow increase, and what would the required power be? 


Given: Pump/pipe system 
Find: Flow rate, pressure drop. and power supplied: Effect of roughness 


Solution: 


7 ۷ V> 
_ PYD P1 P2 ۷ 0 ! _ẹL 
Me e » يږ په‎ 2 = hr Aboump bp =f 
fe 


64 1 D 251 
f=— (Laminar) = -2.0-log + (Turbulent) 


Re jf 37 Reff, 


The energy equation becomes for the system (1 = pipe inlet, 2 = pipe outlet) 


7 
۷ 


L L 


This must be matched to the pump characteristic equation; at steady state, the pressure generated by the 


pump just equals that lost to friction in the circuit 


APpump = 145- o1Q O 


Finally, the power supplied to the pump, efficiency n, 1S 
Q-Ap 
" 


G) 


Power = 
Tabulated or graphical data: Given data: 


u=  210E-05 Ibf-s/f? L= 2500 ft 
p= 1.94 slug/ft = 20 in 
(Appendix A) Npump = 70% 


Computed results: e= 0.5 in 


Loue: ves | m. A پا‎ ATTE 
وچ وو : وج‎ ar a a 
٢ 16 | 733 | 1135706 | oos | 289 | moa 


[ 22 | woe | iss: | oos | 546 | 96.6 — 
[28 | 1283 | noos | 009397 | 844 | 666 — 


Error 


1845706 | 00531 Using Solver! 
Power= - | 780. hp (Eq.3) 
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Repeating, with smoother pipe 


Computed results: e= 0.25 in 


| gifs) | vas) | Re | f [^p (psi) (Eq 1) Ap (psi) (Eq 2) 


[ 2» | we | so | 0.0810 | 7ه‎ | 958 — 
[28 | 1283 | (۹0۳7066 | oomo | —682 | s — 


Error 


1975706 || 60 Using Solver! 


Power = | 72 hp (Eq. 3) 
Pump and Pipe Pressure Heads 
160 - 
140 - 
120 + 
= 100 4 — — Pipe (e = 0.5 in) — 
un 
& 80 - = = = Pipe (e = 0.25 in) 
a 
< 604 Pump 
— »- " 
40 - uq n 
—Ü ed am - LJ 
20 4 cas dedu AI 
LA س‎ = 
0 T T T 1 
0 15 20 25 30 
Q (ft/s) 
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Problem 8.165 Equations D] 


8.165 A square cross-section duct (0.5 m X 0.5 m X 30 m) is 
used to convey air (p = 1.1 kg/m?) into a clean room in an elec- 
tronics manufacturing facility. The air is supplied by a fan and 
passes through a filter installed in the duct. The duct friction factor 
is f = 0.03, the filter has a loss coefficient of K = 12, and the 
clean room is kept at a positive gage pressure of 50 Pa. The fan 
performance is given by Ap = 1020 — 250 — 30 Q^, where Ap 
(Pa) is the pressure generated by the fan at flow rate Q (m*/s). De- 
termine the flow rate delivered to the room. 


Given: Fan/duct system 
Find: Flow rate 
Solution: 
2 ) 7 2 2 
P1 Vi P2 V2 Dove ey. E 
ride d ML - 14. te = hy - Abfan hir ie] > f = 0.03 
The energy equation becomes for the system (1 = duct inlet, 2 = duct outlet) 
EXA E 4A 4h? 
i p-V : a 
A = f-—-— + K-— or ده‎ = |f-— +K 1 where = — = — =h 
ten لاو‎ tK Fpump = 2 | D, ) ui Py 4h 


This must be matched to the fan characteristic equation; at steady state, the pressure generated by the 
fan just equals that lost to friction in the circuit 


APfan = 1020- 25-Q-30.Q (2) 


Given data: Computed results: 
= 30 m 
Dy= o5 m oo | 99 — 
K= 12 
f= 0.03 
= 11 kg/m? 


Using Solver ! 


Fan and Duct Pressure Heads 


Ap (Pa) 


0.0 0.5 1.0 1.5 2.0 2.5 3.0 
Q (m/s) 


http://librosysolucionarios.net 


Problem 8.166 [5] Part 1/2, 


Queen Fan RÓS لل‎ dusrensiams of oS کح‎ ded هچ‎ 


CARESS په کا‎ CO RAs 


Cas Xe) = MES a La (Grind |‏ کا 
Find. n Sees cok. c "o & Coo A. SN ex‏ 


NN as doy دا‎ 
| es Cy 
| SUN Seen. SX. نان‎ S vi ۳ | 
baste eusen: e EN SG e A پر‎ ad 


Nex = >$ ES E * 7 : 5 Ra 
۹ صکس و‎ S Av 8 ads y 


À و‎ 
E = دک‎ Gx Gin. 
Y ee o ES 


| Tw وس‎ ein 
Be abs = A ووه د دو‎ f , | 
x = “AS _ ‘AR 210193 GU = ه٩‎ & 


Sao دمه‎ SS که‎ 


| 
| Frown ٤ هد‎ KO = (SE ESL = Xue وو‎ 
| rare یو‎ ۰ NS Se مسر شا‎ je, as Qm eK coda i | 


1 1 2. > 
: Be E. secte n د د‎ EISA TES E 
E RO See mo TS O: | 
For a sere کی‎ | f= CR 
Re = hee o سوا کا کپ‎ WE Aa سلا‎ ro El 
1 | 
= al aU qu د‎ e. ipe ie پوه‎ 
| 


| "UNA Ad s eM ve Xe که‎ Kons che a we med Neo | 
ANS ewe Tk eru مې‎ 


e => SS ss A M ee پک‎ D | 


ER Af ES LASN‏ همه 


Mer ae d 
Ses Koon کي ځا پا‎ Mee 
dde RA re Cua kree به‎ o pa e^ NS. iex ~= 


| CM Nes saan 1 1 
| Lor Ra o d as NON eo x Cat 


| 

| 

| 
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i 


٣ Problem 8.166 [5] Part 2/2 | 


ol. 8 f بسسس‎ | | 
(min) o | H صا‎ | | 


— لسا 


i 

1 

59 | 00131 0012 51520515 م5 
TTE. 244 | 00121 | 00122 |‏ 7,500 
210 | 00116 | 0015 | 200 | 06+103€ | 10000 
l 00111 | 00112 | 316 |‏ 


“18,000 | seo. 75 EET [444 


Eo. 
LL 
H (in. H,0) 


uA 1 wit i 


| - TPSA east E 


| Aa مان ما‎ es = 
WE Bow. NO si 


po E 
ES 
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Problem *8.167 


58.167 The water pipe system shown is constructed from 75 mm 
galvanized iron pipe. Minor losses may be neglected. The inlet is 
at 250 kPa (gage), and all exits are at atmospheric pressure. Find 
the flow rates Qo. Qj. Qo, and Q3. If the flow in the 400 m branch 
is closed off (Q, = 0), find the increase in flows OQ», and Qs. 


300m 


Qo 


Given: 


Find: 


Pipe system 
Flow in each branch; Effect of shutting 400 m branch 
Solution: 

Pj ۱1 ¥2 


E 
P2 2 
Governing equations: [n + a + a - E +09 + " = by (8.29) hg = f- 
p P E E 


- 


f= (Laminar) 


The energy equation (Eq. 8.29) can be simplified to 


This can be written for each pipe section 


In addition we have the following contraints 


6) 


Qo = Q1 + Q4 

Q4 = Q2 + Q3 

Ap = Apo + âp; 

Ap = App + Ap, + Ap, 


Ap = Ap3 


(Pipe 4 is the 75 m unlabeled section) 
We have 5 unknown flow rates (or, equivalently, velocities) and five equations 


The workbook for Example 8.11 is modified for use in this problem 


Pipe Data: 
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Fluid Properties: 


p= 999 kg/m 
u= 0.001 N.s/m? 
Available Head: 
Ap = 250 kPa 


Flows: 


Re | e T Re, T Re, [ Re, | 
1.57E+05 5.18E+04 5.28E+04 5.28E+04 1.06E+05 


0.0245 0.0264 0.0264 0.0264 0.0250 


Heads: Ap o (kPa) Ap ; (kPa) Ap » (kPa) Ap 3 (kPa) Ap 4 (kPa) 
Constraints: (1)Q0,=Q,+Q, (2) Q4=Q2.+Q; 
0.00% 
(3) Ap = Apo+ Api (4) Ap = Apo + AP, + Ap» 
(5) Ap 2 = AP 3 


0.00% 
Error: 0.05% Vary Qo, Q1, Q2, Q4 and Q, 


using Solver to minimize total error 
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Problem 8 31 


8.168 A cast-iron pipe system consists of a 150 ft section of 
water pipe, after which the flow branches into two 150 ft sections, 
which then meet in a final 150 ft section. Minor losses may be 
neglected. All sections are 1.5 in. diameter, except one of the two 
branches, which is 1 in. diameter. If the applied pressure across 
the system is 50 psi, find the overall flow rate and the flow rates in 
each of the two branches. 


Given: Water pipe system 
Find: Flow rates 
Solution: 
y 2 , 2 
iG ړو‎ S Lm m ee - ms 
pg Uu. em p 27, s کو وو‎ 
= 
f= E (Laminar) = = —2.0-log = + aa) (Turbulent) 
Re "n 37 Reff 
T Ev 
The energy equation can be simplified to Ap = PEST 
This can be written for each pipe section 
La Va 
Pipe A (first section) Apa = pfA-—-—— (1) 
DA 2 
Lg Vg. 
Pipe B (1.5 in branch) App = p-fg-—-—— Q) 
Dg 2 
Lo Vc 
Pipe C (1 in branch) Apc = p-fo-——-— (3) 
م1‎ 2 
ly Yo 
Pipe D (last section) App = pfp-——-—— (4) 
Dp 2 
In addition we have the following contraints 
Qa = Qp 6) 
QA = Qp + Qc (6) 
Ap = Apa + App + App (7) 
App = Apc (8) 


We have 4 unknown flow rates (or. equivalently. velocities) and four equations (5 - 8); Eqs 1 - 
4 relate pressure drops to flow rates (velocities) 


The workbook for Example Problem 8.11 is modified for use in this problem 
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0.00085 


0.00085 
0.00085 
0.00085 


1.94 slug/ft 
2.10E-05  Ibf.s/ft 


LR. T Ren T لد‎ ro | 
9.71E+04 7.25E+04 3.68E+04 9.71E+04 


Ap a (psi) Ap y (psi) Ap c (psi) AP p (psi) 


(5) Q,=Qp (6) Q,=Qp+Qc 
0.00% 
(7) Ap = Apa t+ APB * App (8) AP B = Apc 


0.00% 0.00% 
Error: 0.05% Vary Q4, QB, Qc, and Qp 


using Solver to minimize total error 
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Pipe Data: 


Fluid Properties: 


Available Head: 


Flows: 


Heads: 


Constraints: 


Problem *8.169 [4] 


Given: Pao rtial-flew filtraken SY SLE | rotar length: 


PIRES are Fy n. nomina f خم سا‎ pool 
(srneoth plastic) with Ov 3,82 in, 


Fump delivers 30 gem at IS. 


Fitter presstere crop دا‎ APLpsi) =0.6[Algam))- 


End: (a) Presset at pump pad ler, 
(b) Flow rate through tach branch of system, 


Sola ion: Apply the ergy equation fry steack,, (ncompressibh pipe flow. 


Competing eguahon; و دو‎ ea #93, + her ; hir = = 45 (2 €) 


Assucmphons t0) 9 VI = oA Ve (2) 3) اچ‎ (3) hem 90 fon 132, (4) Ignore "tec" at(2) 


The flow rate is ae 3o gir (0.0668 fS /sec), So V = e. 18.0 Y» [sec . Then 
Fem VO, WO ¿(0.81% یی د مې‎ E & " 
S E ues لکت و‎ 1.24% 10%, So É = 7 


a 
Apa = fX = 000, IF 1194 Yu ug (10) H* y ets fO a 5.40 ps. 
Dz 5.329 in. EA “YP? See Sieg fe 2 0. 


Branch flow rates art Unknown, but flow split miest Produce The Same 
drop ın each branch. Solve by iterahen To obrar 


| Azz = 52 gor Via? EN fr fs E . Rt * 2.5 x10, ana £= "حون‎ 


Brea f( + ¿ZO ooa 


A = 0. n E 0) Ex ¡slug (3, epe, bou Ap p. [2 d 
Pz sm É y ys “jag A QUIT. v iT aio: 8 Pst 


Ory = 24.8 gom. by > 14.9 £o ls 5 ŘE * 63 x25, &nel f 9 0.018 


Ape, ~ ELS 4 ECV = 0.018 / 482 ts) px ole s Ye, MET v NS 
z4 D 5) 2 (s ره‎ Yr x sa “Shug V eh EY a E داوف‎ 


Th. puami p Dae pressure ji 


Áp 


Api + Apes (oy +10,8)osí = ZZ psi‏ = وس ه۵ 


The branch Flow raves are 
Qs 
پاچ‎ 


صمو 5.1 خه چ 


Oy x 24.8 gam 


ET A دوو‎ 
towe of € Anae Crow Eg اک‎ vss Stes SORT Lar Gach o) 
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e 


Problem 8.170 [5] Part 1/2. 


Open-Ended Problem Statement: Why does the shower temperature change when a toilet is 
flushed? Sketch pressure curves for the hot and cold water supply systems to explain what 
happens. 


Discussion: Assume the pressure in the water main servicing the dwelling remains constant. 
The hot and cold water flow rates reaching the shower are controlled by valve(s) in the 
shower. Assuming a water heater temperature of 140°F, a cold water temperature of 60°F, 
and a shower water temperature of 100°F, the hot and cold flow rates must be equal. The 
two water streams mix before reaching the shower head, then spray out into the shower itself 
at 100°F. 


Supply curves and system curves for the hot and cold water streams are shown below. Diagram 
a is the cold water system and diagram b is the hot water system. The numerical values are 
representative of an actual system. 


In general the supply curves for the hot and cold streams are not the same. The difference is 
caused by the two systems having different pipe lengths and different fittings. 


Each stream operates at the flow rate where the curves intersect. An equal flow split is 
accomplished by adjusting the shower valves to vary their resistances. 


Flushing the toilet temporarily increases the flow rate of cold water to the bathroom. This 
reduces the cold water supply pressure reaching the shower. The system curves do not change 
because the valve settings stay the same. Therefore the flow rate of cold water must decrease to 
again match the supply and system curves (diagram c). 

When the flow rate of cold water decreases the shower temperature increases, as experience 
testifies! 
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U. 8.a 


Male in 


e 


[5] Part 2/2 


E 


Problem 8.170 


Water Main Pressure 


Supply Curve 
Operating Point 


System Curve 


0.5 1 t.5 2 
Flow rate, Q (gpm) 


(a) Cold water system curves 


Water Main Pressure 


Flow rate, Q {gpm} 


(b) Hot water system curves 


Old Suppty Curve‏ ها 


New Supply 


New Operating Point 


System Curve 


0 05 1 1.5 
Flow rate, Q (gpm) 


(c) Cold water system curves: toilet flush 


Pressure, p (psig) 


Pressure, p (psig) 


New Supply 
Curve 


p (psig) 
50.0 
49.6 
48.2 
46.0 
429 
38.9 
34.0 
28.2 

27.28 
21.6 


Supply 
Curve 
P (psig) 
50.0 
49.6 
48.6 
46.8 
44.3 
41.1 
37.2 
32.6 
27.2 
24.3 
21.2 


Supply 
Curve 
م‎ (psig) 
50.0 
49.8 
49.3 
48.4 
4772 
45.6 
43.6 
41.3 
38.6 
37.2 


{a) Cold water system: 
System 
Curve 
Qigpm} p (psig) 
0 0.00 
0.2 0.53 
0.4 2.13 
0.6 4.80 
0.8 8.53 
10 13.3 
1.2 18.2 
1.4 28.1 
1.6 34.1 
1.7 38.5 
1.8 
{b) Hot water system: 
f System 
Curve 
Q {gpm} P (psig) 
0 0.00 
0.2 0.71 
0.4 2.84 
0.6 6.40 
0.8 11.38 
1.0 17.78 
1.2 25.60 
1.4 34.84 
1.8 45.51 
1.7 
1.8 


(c) Cold water system: toilet flush 


Old 
Supply 
Curve 
P (psig) 
50.0 
49.6 
48.6 
46.8 
44.3 
41.1 
37.2 
32.6 
318 
27.2 
24.3 
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System 
Curve 


Q (gpm) 
0 


0.2 
0.4 


500 SHEETS, FILLER & GLA] 
30 SHEETS EYE-EAEET E SAVE 


re rura‏ اد نا 


1 
4 
4 
4 
4 
42 
Made In LE F.A, 


[2] 


Note that Mactua] is mass flow rate (the 


software cannot render a dot!) 


fem tE 
5 


5 
Rep, = 3.85 x 10 


B =0.5 


Ap = 25.8 kPa 


2 


mn 


Problem 8.171 


8.171 Water at 65 C flows through a 75-mm diameter orifice in- 
stalled in a 150-mm i.d. pipe. The flow rate is 20 L/s. Determine 
the pressure difference between the corner taps. 


Given: Flow through an orifice 
Find: Pressure drop 
Solution: 


Basic equation actua] = FA: P2-0-(py - Po) = K-Ajyy 2:p-Ap 


D 
For the flow coefficient K = eo =| 
D 
1 


2 
At 65°C,(Table ۸8 ^ p = 980.55. v = 4.40x10 
m 5 
Q 4 1 L 0.001.m^ 
Ve = VA TT 
B T (0.15:m) A EE 
V.D 
Rep, = — Rep, = 1132 x 015m x à 
v S =7 
4.40 x 10 
a Di "m 75 
Dy 150 
From Fig. 8.20 K = 0.624 
2 
2 2 
m 
Then Ap = actual ms ES PQ dl = P: Q 
KA, | 2p (KA ] 2p 2|KA, 
1 k L 0001m 1 4 1 
Ap = = x 980-8 x gy x x : 
2 "E S 1-L 0.624 m (0.075-m) 
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pee 


a‏ کرک 
ban‏ 


Problem 8.172 
Goran ې‎ Sq jare- edod onie " Ay S OO mco us d. Lo meer که‎ Sun 


Nea. as , €. pressure NETTEN oft Le ox Kice.‏ ي ې 
٢ DOSE ásce access e orte‏ رمک Maer‏ چک 5 
OAT Mn pers v TC‏ په . Dor‏ چيا \G‏ 


Fwd Me udune Gow coke Las ake Wwe 


SAI es: ery )هع‎ a ENEN ia ETEEN Ve Les SSN 


aan)‏ ېم y = MR‏ د e i‏ دا فاق 


Se 1 — Se » 
mL eN pss ER He m eU 


ROR, USO rm = ٢ aaa ba x د غ‎ 


E rim 1‏ دې 
ove es NS‏ ردو تفا Tor us sma 5o : Me GE MAC ex‏ 
: لمحد چم عۍ 
ES "o sow l Na Xx aS " gs 4 2c hal z‏ 
¡CE RF cJ A SN‏ 


Sete سه تیا‎ ni Mm WV Ces. 28g. 


Se هه‎ 
Tosun Wa هره‎ ue vx Su ere ae E OS 


5 = 7 : " 
٢٢ “a. cT sis Y ) as 150 y ا دی‎ 
: ٩ zi 


a= DIRA ela 


Sed Re. Wape pr MAA «4 us Boies EA شه‎ 
_ YA. YO Q2 SR S0 Aes 
ee: a a ae eas 


مل 


——— * ——— ve 


m 
s gete ORA \ دد ا‎ \ Wis 
Vom n: م۷ اش‎ NS - IE oc : 
Ts وه دا 5 شم‎ ds QNS ۲٢ 


Yee LAA T Y SURE یا‎ Aka 
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ES 


Problem 3 [2] 
8.173 A venturi meter with a 30-in. diameter throat is placed in 
a 6-in.-diameter line carrying water at 75°F. The pressure drop 
between the upstream tap and the venturi throat is 12 in. of mer- 
cury. Compute the rate of flow. 
Given: Flow through a venturi meter (NOTE: Throat is obviously 3 in not 30 in!) 
Find: Flow rate 
Solution: 
C-A; C-A; 
Basic equation Mactual = === | 2-0) P17 P2) = ———/2-p:Ap Note that Mactua] is mass flow rate (the 
4 4 
1-6 J1- 8 software cannot render a dot!) 
For Rep, > 2 x 10°, 0.980 < C < 0.995. Assume C = 0.99, then check Re 
D; 
Dı 
Also Ap = Pug: & Ah = د :لت‎ Ah 
2 2 
Mactual C-A; TC: Dy T-C-D, 
Then Q= = —————4/2-p-Ap = ——— d? eSGgg: pg Ah = —— 25 وې‎ 
° ام‎ ap) 1-6٨ 441-9 
2 3 
1 ft ft 
G2." x0.99x 74) x 2 x 13.6 x 32.2. x 1ft Q = 1.49.— 
4x 41-054 s : 
3 
4 4 1 ft 
Hence V= 2 = Q V=-x x 1.49.— V = 7.59.— 
A D 2 7 1 5 5 
2 
6 ft 
At 75°F,(Table A.7) v = 9.96x 10 --— 
5 
V-D 
1 ft 1 
Rep, = kore 759 x 4w- E. eaa 
Dic Di ee م-‎ 2 D1 
9.96x 10 -ft 
t? 


Thus Rep; > 2x 10°. The volume flow rate is Q = 1.49.— 
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2] 


(8.37) 


(69) 


Problem 8.174 


8.174 A smooth 200 m pipe, 100 mm diameter connects two re- 
servoirs (the entrance and exit of the pipe are sharp-edged). At the 
midpoint of the pipe is an orifice plate with diameter 40 mm. If 
the water levels in the reservoirs differ by 30 m, estimate the pres- 
sure differential indicated by the orifice plate and the flow rate. 


Given: Reservoir-pipe system 
Find: Orifice plate pressure difference; Flow rate 
Solution: 


2 
. . P1 M. P2 V2 
Governing equations: —+ uu نس وزاب نه‎ ar z- + 8-27 | = h = hy + Dh, (8.29) 
p 


p 
= - 
L V V 
م‎ 834 - nd 8.404 
=f «دق‎ mK (8.402) 
E 
f = = (Lamina) (8.36) = = - 26 = + 231 (Turbulent) 
Re 0.5 37 05 
f Ref 
y? 
There are three minor losses: at the entrance; at the orifice plate; at the exit. For each him = Ex 
: a A 
The energy equation (Eq. 8.29) becomes (a = 1) g-AH = = (s +K Ku! Koa) 


(AH is the difference in reservoir heights) 


This cannot be solved for V (and hence O) because f depends on V; we can solve by manually iterating. or by using Solver 


The tricky part to this problem is that the orifice loss coefficient K,,:¢.. is given in Fig. 8.23 as a percentage of pressure differential Ap 


Q 


across the orifice, which is unknown until Y is known! 


The mass flow rate is given by Mate = KA; 4 2-p-Ap 


where K is the orifice flow coefficient, 4, is the orifice area, and Ap is the pressure drop across the orifice 


Equations 1 and 2 form a set for solving for TWO unknowns: the pressure drop Ap across the orifice (leading to a value for Korifice) and 


the velocity V. The easiest way to do this is by using Solver 


Given data: Tabulated or graphical data: 
AH = 30 m Ka 0.50 (Fig. 8.14) 
L= 200 m K exit = 1.00 (Fig. 8.14) 
D = 100 mm Loss at orifice = 80% (Fig. 8.23) 
D,- 40 mm = 0001  N.s/m? 
p= 0.40 حم‎ 999 kg/m? 


(Water - Appendix A) 
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Orifice pressure drop 


ap = 5 kPa 


Procedure using Solver : 


a) Guess at V and Ap 
b) Compute error in Eq. 1 


c) Compute error in mass flow rate 
d) Minimize total error 
e) Minimize total error by varying V and Ap 


Computed results: 


Orifice loss coefficient: Flow system: 
K= 0.61 
(Fig. 8.20 
Assuming high Re ) 


Eq. 1, solved by varying V AND Ap, using Solver : 


Left (m7/s) | Right (m/s) 
| 05% | 


294 293 0.5% 


Eq. 2 and m yate = PQ compared, varying V AND Ap 


(FromEg 2j 
me kg/s) = 


05% 
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Problem 85 [2] 
Given: Flous of gasoline through A Venter, meter, 
$8 = 9,93, D, * 2.0 (A. , Dy * 10%, Ah = 390 mm H3. 


Find: Volame flou ratt of gasa Wiad: 


Competing equahons: . oe | 
Machia! Mr RETE (8,82) 
(905,94 for Rep >? 2x108 

r the manometer, SP = fuo ع‎ Ah = ورک‎ Emo 9 Ah 

Then 


A= & = Che [AP _ C44 مه ده|‎ no gah _ Ch ETTI 
La E Firmar | = 
۴° e۲ DA e uo Viet Eo 


o. 99 " 
Q = o L(este*m-|[zmt 480m 426m umi 
1766.5)* 9 0.73 کې‎ 0.00674 rn /۸ 


Noco check REY olds number: 


۷ & OL 0.80 5/1 ry; ME RR = 3.01 mis 


— 


A, کد‎ Trips gime 


ASstame vascos chy midusay دي س اط‎ CERA And په‎ tane at ZA; From Fig. A. 
Ah & 6 د۸" وپ‎ Jane 


Ke, » PMD, (0.3) 100 و‎ مک٥‎ 2 60054 m, ګل‎ NS ے‎ 2,23 x/0° 
2, má = BOO * A : gum 


B. = 6.00611 mals 
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Soluetion: Apply the analyses of Section $710. 8, 


Thus ASSumphen That C#O.9F عم‎ okta 


[2] 


Problem 8.176 


8.176 Consider a horizontal 50 X 25 mm venturi with water 
flow. For a differential pressure of 150 kPa, calculate the volume 
flow rate. 


Given: Flow through an venturi meter 
Find: Flow rate 
Solution: 


software cannot render a dot!) 


Basic equation Mactual = N 2-p- ( P1 7P2 ) = meri 2-p-Ap Note that Mactua] is mass flow rate (the 


3 
Q = 8.69x 10 ° 


V = 4.43 کا‎ 


5 
Rep, = 2.19x 10 


3 


Q = 0.522. 
mın 


For Rep, > 2 x 10°, 0.980 < C < 0.995. Assume C = 0.99, then check Re 


D 
t 25 
== =2 = 5 
6 D 6 ES 6 
m C.A دوم‎ 
Then Q = actual = E A = a, مه2‎ 


° "مهام‎ 441-94 P 


N kg- 
Q = —E Ma |2x 150x 10 x لل‎ x 8m 
2 1000kg 2 
4x4 1-0.5 m s-N 
Hence v-2- to ووو ا‎ 2 
T-D4 T  (0.05-m) à 
2 
-6 m 
At 20°C (Table A.8) v = 1.01 x 10 °. = 
S 
-D 
hae co! BS dd x 0.05.mx Ê —. 
د‎ D1 : E 
1.01 x 10 ^m 


Thus Rep; > 2x 105. The volume flow rate is Q = 8.69 x 10 و‎ 
5 
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Problem 7 B 


Given: Test of Lok internal combrestion engine at GOCO rem. 
MEC air torta flow 0933/6, Ab S 0,28 m. Mais meter reads to 
LoS mm of water. 


Find: de) Flow noz و‎ diameter required. 
(6) Minima rate of ar fow thet Can be measured £2 pereen ^ 


Solution: LI یا‎ Computing quatro” tor Flow nog3 le. 


Computing equation. f ) = KAt Je Cp, - Pu) E E (3.54) 


Assumphons ; G) K =0.77 (Section &~10.26.) 

(2420 (no33 < mite S tom atmosphere) ۰ | 

(2) سه سه‎ Stroke čt #دددرعهته‎ engine with 100 percent. Voltage“ 
ert ciency (iy [rev = displacement /2 ) l 

en Standard arr : 


m=pQ = 1.23 kg. ۸ه ا‎ ,bo0mrey, 2ے‎ mia _ 9.0984 ka [s . 
m3 ` ræv min /060 ٨ bos 


. 


m . m 
A = "o a O AS 
: i | 
a 0,098 9 پل‎ m) کک‎ ux] = japan o 
Ae CS E be 7233 “999 Ea" 4.817 "9.25 m ee 


4 A " ` 
77 > 

Ae = T د وا‎ [Fae = 40,8 mm 

The allomwable error 1s 12 percent or 10.02. As discessed iA هك كو‎ Es 
The Sou a ne root telatonship halves the OUEST CREPES ene Thes 
€=20.02 when by, = £0104 | Ami feram. 42. mm | 
; ot A 
min 2 M dE - ر‎ ta وو‎ | gin 


| The. am PAR rote. | could be meas uire d tiriti percent accuracy 


Ss Oro: 9 1340 rom |. 
i | jos p npn 
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Then 


Solving far fe د‎ 


f doewn to Abou 


15 5 SQUARE 
15 د‎ SQUARE 
TS 5 $42UASE 


eri 
^ 
Ana ٣ AF 


Problem 8.178 [4] 


Air flows through the venturi meter described in Problem 


8.178 


8.173. Assume that the upstream pressure is 60 psi, and that the 
temperature is everywhere constant at 68°F. Determine the maxi- 


mum possible mass flow rate of air for which the assumption of 
incompressible flow is a valid engineering approximation. Com- 
pute the corresponding differential pressure reading on a mercury 


Flow through a venturi meter (NOTE: Throat is obviously 3 in not 30 in!) 


Maximum flow rate for incompressible flow; Pressure reading 


C-A, 
u Note that Mactua] is mass flow rate (the 


software cannot render a dot!) 


manometer. 
Given: 
Find: 


Solution: 


C-A. 

t 
Basic equation m = LLL. 9. 1 - ) = Aj 20A 
actual h- e p P1 P2 h- e p p 


Assumptions: 1) Neglect density change 2) Use ideal gas equation for density 


Then p= 


For incompressible flow V must be less than about 100 m/s or 330 ft/s at the throat. Hence 


N2 
E مځ‎ E A a نا‎ 
in? 1-ft 53.33-ft]lbf 32.2.1090 (68 + 460)-R کې‎ 
3 slug ft mw (1 : slug 
Mactual = 9.53 x 10 73 x ges x 2 x 6 Mactual = وچ و‎ 
ft 
3 
m = 0.5 
6 6 6 
A 
Ah = —P- 
2 
4) (m 
w Wace 1 -p ) actual 
م2‎ PHg'8 C- A, 


An 1 eJ ٢ a) 


Mactual = 09V? A2 
D 
t 
B = — 
Dy 
Also Ap = Pug & Ah 


and in addition 


Ep CA, 


For Rep, > 2 x 10°, 0.980 « C < 0.995. Assume C = 0.99, then check Re 


2 
4 3 3 2 2 
1-0.5 ft ft 1 1 4 4 
Ah = bo, Pho, : | : A] Ah = 0.581-ft Ah = 6.98-in 
2 9.53 x 10. slug 13.6-1.94-slug 32.2-ft 5 0.99 r ٢ 

Hence y.8. mm ve ux : ;x0154 8 ۸ ٢ د‎ 

11 T 953x10 slug 1 f ? . 

2 
5 ft 
At 68°F,(Table A.7) v = 1.08x10 ~-— 
5 
V.D 
1 ft 1 
Rep; = D کن يي‎ Rep; = 3.81 x 10° 
v s 2 -5 2 
1.08x 10 -ft 

Thus Rep, >2x 10°. The mass flow rate is Mactual = 0.154 E and pressure Ah = 6.98in Hg 


5 
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Problem 9 [4] 


Given: Water ox ME flows through a Ventec, | 


A F00 A  A2*0.03 re. 


Find: Estimode the PAG men fous rate Lota No CAN TOTON. 
(Express answer iA cfs.) 


Sohketien: Apply Foco meter equaroa. 
E 0 ۱ F C : z 
Computing ego Thon: nm "Ton Pp. > A= e, 


Assume £29.99 fr Rep د‎ Zxio* 


Cavitahen pecurs when ۹ Py. Yom Stam fab fy = 0.363 psih 
at 70 F. Thes 


Pi- Pa = (/4.745.0)- 6.363 = /2,3 psi 


and 


: / E 4 
m = E OSR کلک‎ fes 99 Slug | 14.3 ۱۵۶ Mink, Slug A 
e سي‎ ER a 


2.68 slug js 


rr) 


But m= PVA = B. , 50 


Q= E 26S sing, OFS  ے ی4 37ر‎ 
M Ê Sen ` 1,94 وباك‎ 


X MM سو کم کد‎ À 


Note Q= 1.3743 42 34! bos. _y 
Í gx 9 لک بي اس‎ 613 gem. | 


At TOF, Y کون غه له‎ £+*|s (Table A1), Ree ۷٧۷ A, = TD so 
D =~ OLA - : "or 3 7 zm » 2 37 3 ENS UN = : 
AA px اق‎ = 0-357 esu) | RE A V fes 


= 4.66 ٧ so C¥D.99 13 okay, vv 


Thea 
Re= BH 0-357 fe, 
s 


EE. DNE 
b LOS x io fe 
t 
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— à Pa 1 


Problem 8.180 [5] Part 1/2 : 


Given: Flow nozgte msta ation in pipe as Shows. 


Flo) 


find; Head loss between Scchoos O ane), expressed In CoE CEN 
rm, Cy, = HCPA , Show Cy = [10% 
Pen ve Ap, PIT TF ALJA, 
Zor Ion: Apply fhe ووه‎ ee ndun له‎ MOMENLOLN And ړا‎ 
بد وك‎ A Tons, 4 5 the CV رک‎ 


yz ~ e 1 dm C#) 
Basic equarions: Et 4 Vi a hey Y 4 
s gee 7 E e E / e + GBs 
goes 
or f 
۵ ل به‎ gd% 2 م‎ 
/ ۷ 
RO) sats} 
4 yh P : f Gee ae 
د‎ T Fa Ese bled + TRAVES: 
o gy Cs 
Po x oC ES 
& a! = 2j E , v^ » A E ` => E 
QA We - 1 د‎ + J (+ + az + E ps dA 
£ £ ey ez ; ! 


Assumptions: O) Steady flee 
@) Lreompressible flou 
(3) Ab frieten bot y co OLY G: ana È 
(ty Alec ct Ef evo e o an 
زی‎ Fe, د«‎ 


G) Wi, = 
(D Uniform floc attach section 


Fram CO rf try, af 
Q- YA, = UA = Ve Ag 
Apply ه87۸‎ ۸ / Along & Stream bac from Mi fo ©, noria A, Ay, 
O a y] mS [ m" y) 
‘a 2 Z L Aj? o LAz 
FTONI montAT oun, Aric lasing Con in C HS , 


ET = aÂ paña = Na ES ¡EVA pas ae Va It / وتام‎ As if == uje 


او ٢‏ دو وو وا د 


From Energy, 
= (u,+ Ya e E) E ferias 1 + (us By =) ¿leva ña if 
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Problem 8.180 [51 Part 2/2 
S =i c 1 
or po = Qa هو‎ — &- DE Ve - Vs de * - Pu E Ve 2ر |د‎ Az Ne 2 Ps 
7 


E dy j gts 
But Pte cO Ey ASE Uurnprian (3), So an * i Ness Ara idis monn 


Ae نون نېم‎ Aro, va 
LG) ese 


After a ttle Algebra, tius mas be iM 


ECT 


E = NE UR - As 
سرت‎ “PY, J+ Ay, s 


Pío Hing 1 
LQ 
Loss 0.9 
Coe Y icien A 
m 0.6 
(b, -£i) 
fe 0,4 
ó tt 
00 "E 


Ü 0.23 0:50 23 ه/‎ 


i 2 
Area Lario, Qe «(25 ( 
4; DO, 
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[1] 


V2, A2 


Problem 8.181 


Vi; A, 


2 2 
— س{‎ + 0.7 = — + — + BZ = V-A 
871 3 : £z» Q 


which is Eq. 8.42. 


8.181 Derive Eq. 8.42, the pressure loss coefficient for a diffuser 


assuming ideal (frictionless) flow. 


Given: Flow through a diffuser 
Find: Derivation of Eq. 8.42 
Solution: 
P2—P 
Basic equations C= 2M 
P 1 ye 
21 


Xp‏ .ده 
From Bernoulli ? 1‏ 


Hence Co =, = 


Finally Cp =1- = 
AR 


This result is not realistic as a real diffuser is very likely to have flow separation 
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AAT 


Problem 8.182 [5] 


Open-Ended Problem Statement: In some western states, water for mining and irrigation was 
sold by the “miner’s inch,” the rate at which water flows through an opening in a vertical 
plank of 1 in. area, up to 4 in. tall, under a head of 6 to 9 in. Develop an equation to predict 
the flow rate through such an orifice. Specify clearly the aspect ratio of the opening, 
thickness of the plank, and datum level for measurement of head (top, bottom, or middle of 
the opening). Show that the unit of measure varies from 38.4 (in Colorado) to 50 (in 
Arizona, Idaho, Nevada, and Utah) miner's inches equal to 1 ft'/s. 


Analysis: The geometry of the opening in a vertical plank is shown. The analysis includes the 
effect on flow speed of the variation in water depth vertically across the opening. 


Aspect ratio, ۳ 8 2 arta, A x turf = fan 


ex -D, ^ yt 


Y ٨ - Mor ur de, = y PIEL x z 3 ana figa fiev 7‏ ېمو 


For ac ,اه‎ d so, *H Fin, b 710.0 i iia 0 m. 


À , . " y 
C geo 2 Be hag [eese uns, E Le JE fe 8 -1 xa 7 = 004% fi 


actual * 2.6 ووو و8‎ * 0.0241 43/3; thus oag >33. CIE = I cfs | 


Numerical results are presented in the spread sheet on the next page. 


the effective flow area to 60 percent of the geometric area of the opening. 


The calculated unit of measure varies from 31.3 to 52.4 miner’s inch per cubic foot of water flow 
per second. This range encompasses the 38.4 and 50 values given in the problem statement. 


Trends may be summarized as follows. The largest flow rate occurs when datum H is measured 
to the top of the opening in the vertical plank. This gives the deepest submergence and thus the 
highest flow speeds through the opening. 


When ar = 1, the opening is square; when ar = 16, the opening is 4 inches tall and 1/4 inch wide. 
Increasing ar from | to 16 increases the flow rate through the opening when H is measured to the 
top of the opening, because it increases the submergence of the lower portion of the opening, 
thus increasing the flow speeds. When H is measured to the center of the opening ar has almost 
no effect on flow rate. When H is measured to the bottom of the opening, increasing ar reduces 
the flow rate. For this case, the depth of the opening decreases as ar becomes larger. 


Plank thickness does not affect calculated flow rates since a vena contracta is assumed. In this 
flow model, water separates from the interior edges of the opening in the vertical plank. Only if 


the plank were several inches thick might the stream reattach and affect the flow rate. 


The actual relationship between مول‎ and Oecom might be a weak function of aspect ratio. The 
flow separates from all four edges of the opening in the vertical plank. At large ar, contraction 
on the narrow ends of the stream has a relatively small effect on flow area. As ar approaches 1 
the effect becomes more pronounced, but would need to be measured experimentally. Assuming 
a constant 60 percent area fraction certainly gives reasonable trends. 
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. Discussion: All results assume a vena contracta in the liquid jet leaving the opening, reducing 


3 

= 

$ 

E 

3 
لیا 

e 


[B] Part 27 


Assume Qa, = 0.6 X Q geometric to account for contraction of the stream leaving the opening. 


Mi/cfs 
33.6 
33.3 
32.8 
32.1 
31.3 


40.6 
40.0 
39.2 
38.1 
36.7 


Mi/cfs 
34.5 
34.5 
34.6 
34.6 
34.6 


42.3 
42.3 
42.3 
42.4 
42.5 


Mi/cfs 
35.5 
36.0 
36.7 
37.7 
39.3 


44.2 
45.1 
46.4 
48.6 
52.4 


Qrow 


0.0297 
0.0301 
0.0305 
0.0311 
0.0320 


0.0246 
0.0250 
0,0255 
0,0262 
0.0272 


Qrow 
0.0290 
0.0280 
0,0289 
0,0289 
0.0289 


0.0236 
0.0236 
0.0236 
0.0236 
0.0235 


Qrow 
0.0281 
0.0278 
0.0273 
0.0265 
0.0254 


0.0226 
0.0222 
0.0215 
0.0206 
0.0191 


Q geom 


0.0496 
0.0501 
0.0509 
0.0519 
0.0533 


0.0410 
0.0416 
0.0425 
0.0437 
0.0454 


Q geom 
0.0483 
0.0483 
0.0482 
0.0482 
0.0482 


0.0394 
0.0394 
0.0394 
0.0393 
0.0392 


Q geom 
0.0469 
0.0463 
0.0455 
0.0442 
0.0424 


0.0377 
0.0370 
0.0359 
0.0343 
0.0318 


Problem 8.182 


Computation of "Miner's Inch" in Engineering Units: 


(in) 
(---) 

1 in? 
(in) 
(in.) 
(in.) 
(mixed) 
Čs) 
in.) 


a= depth to top of opening 
ar= aspect ratio of opening 
A = area of opening 

b= depth to bottom of opening 


nominal head 


height of opening 
MI = “miner's inch" 
O = volume flow rate 
w= width of opening 


a 
9.00 
9.00 
9.00 
9.00 
9.00 


6.00 
6.00 
6,00 
6.00 
6.00 


(b) Measure H to middle of opening: 


a 
8.50 
8.29 
8.00 
7.59 
7.00 


5.50 
5.29 
5.00 
4.59 
4.00 


(c) Measure لا‎ to bottom of opening: 


a 
8.00 
7.59 
7.00 
6.17 
5.00 


5.00 
4.59 
4.00 
3.17 
2.00 


(a) Measure H to top of opening: 


Ho 
1.00 
1.41 
2.00 
2.83 
4.00 


1.00 
1.41 
2.00 
2.83 
4.00 
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Problem 3 [4] 


Given; Fipe-tiow experiment with flow straight ener mode Fram Straws. 


Find: (a) Reyna tls number for flows in each Strat. Kent 214 
(b) Frichon factor fer flow 14 each Straw. x 32.0 


C) Gage pressure at exit Frond SITAS. 
D = 63.5 mm 


l 1- Q = 100 mèr 


Straws ld = 3 mm) 


Solution: Apply energy equa ton for Steady, . 
Meompres sible pipe flay: 


Computing اد‎ ٢ eu 
A » 
5 £ 21 5 . E ea M ther 
z A TERT 


| Assumptens: Ct) Flow from Rimospoher:; رط‎ = Pat > VE 
l (2) Horizontal . 
(3) Aeg tect thickness of Straws 


Then . 0 pa. 
"A — = 100 = 1 
ve A her py (5. = zie o. e g 77 mis 
Iw Sec, 
٨7 V d 8 ETM, 0.003 My —————— چ‎ /300 Key 
= ry Se” 146 x toy? 


For laminas flo, | 


fz bt _ Gt 


£ 6.0356 * 7800 و 


The gage pressure at (2) i5 
Peg = Ph Kent + fh) 


= 


11233, or t دو و‎ pan جور‎ | 
gm 


i 
z^ Sin 


fu = - £40 N/m» (gage) 


Ths pressure drop ^s equ va feat de 


Ab ے‎ 290 AL, m2 رک‎ A bios 
ii Limo 9- 3 999 kg To N 29.6 mm RO 


Comments: (1) Thes 1 ٢" drop / large enough Jo measure mwad iy. 
The straws Could be used aoa Htowmeter. 
(2) کسه /ک‎ world eliminate any. swr) from the, Listy. 
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Problem 8.184 14] Part 1/2 


Given: Volume flow rate in a circular duct is to be measured using a “Pitot traverse,” by 
measuring the velocity in each of several area segments across the duct, then 
summing. 


Find: Comment on the way the traverse should be set up. Quantify and plot the expected 
error in measurement of flow rate as a function of the number of radial locations used 
in the traverse. 


Solution: First divide the duct cross section into segments of equal area. Then measure velocity 
at the mean area of each segment. 


Assume flow is turbulent, and that the velocity profile is well represented by the 1/7- 
power profile. From Eq. 8.24 the ratio of average flow velocity to centerline velocity is 0.817. 


Distinguish two cases, depending on whether velocity is measured at the centerline. 


Case 1: Measure velocity at the duct centerline, plus at (k - 1) other locations. 


For k= 1, the sole measurement is at the duct centerline. This measures the centerline 
velocity U, which is 1/0.817 = 1.22 times the average flow velocity . Thus the volume flow 
rate estimated by this 1-point measurement is 22 percent larger than the true value. 


For k= 2, the duct is divided into two segments of equal area. The centerline velocity 
is measured and assigned the half of the duct area surrounding the centerline. The second 
measurement point is located at the midpoint of the remaining half of the duct area. Thus this 
point is located at the radius that encloses 3/4 of the duct area, or r/R = (3/4)? = 0.866, as 
shown on the attached spreadsheet. The velocity ratio at this point is ¥#/U = 0.92. Averaging 
the segmental flow rates gives (1.22 + 0.92)/2 = 1.07. Thus the volume flow rate estimated by 
this 2-point measurement is 7 percent high. 

For k = 3, the duct is divided into three portions of equal area. The centerline velocity 
is measured and assigned the one-third of the duct area surrounding the centerline. The 
second measurement point is located at the midpoint of the second one-third of the duct area. 
This point is located at the radius that encloses half the duct area, or at r/R = (1/2)” = 0.707. 
The third measurement point is located at the midpoint of the third one-third of the duct area. 
This point is located at the radius enclosing 5/6 of the duct area, or at r/R = (5/6)^ = 0,913. 


Results of calculations for k = 4 and 5 are also given on the spreadsheet. 


Case2: Measure velocity at k locations, not including the centerline. 

For k = 1, the radius is chosen at half the duct area. Thus F/R = (ay = 0.707, u/U = 
0.839, and #/ = 1.03, or about 3 percent too high, as shown on the spreadsheet. 

For & = 2, the duct is divided into two equal areas. The first measurement is made at 
the midpoint of the inner area, where the radius includes one fourth of the total area. The 
second is made at the midpoint of the outer area, where the radius includes three fourths of the 
total duct area, The results are shown; the flow rate estimate is high by about 1.4 percent. 


For k = 3, the duct is divided into three equal areas. The first measurement is made at 
the midpoint of the inner 1/3 of the duct area, where the radius includes 1/6 of the total area. 
The second is made at the midpoint of the second 1/3 of the duct area, where the radius 
includes 1/2 of the total duct area. The third is made at the midpoint of the third 1/3 of the 
duct area, where the radius includes 5/6 of the total duct area. The results are shown; the flow 
rate estimate is high by about 0.9 percent. 


Results of calculations for k= 4 and 5 also are given on the spreadsheet. 


Remarkably, Case 2 gives less than 2 percent error for any number of locations. 
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TEE Problem 8.184 [4] Part 2/2 


Vy7U = 7 n= 7 k = Number of measurement points 
Case 1: Measure at centerline pius Case 2: Measure at k locations 
at (k - 1) other locations not including the centerline 
k i r/R uU ٢ NU ko i r/R uU UM sar رو‎ 
1 1 0.000 1.000 4.22 22.4 4 1 0.707 0.839 1.03 2.7 
2 1 0.000 1.000 1.22 2 1 0.500 0.906 1.11 
2 0.866 0.750 0.92 2 0.866 0.750 0.92 
1.07 7.2 1.01 14 
3 1 0.000 1.000 1.22 3 1 0.408 0.928 1.14 
2 0.707 0.830 1.03 2 0.707 0.839 1.03 | 
3 0.913 0.706 0.864 3 0.913 0.706 0.86 | 
1.04 3.9 1.01 0.9 | 
34 4 1 0.000 1.000 1.22 4 1 0.354 0.940 1.15 ; 
à 2 0.612 0.873 1.07 2 0.612 0.873 1.07 
E 3 0.791 0.800 0.98 3 0.791 0.800 0.98 
E 4 0.935 0.676 0.828 4 0.935 0.676 0.83 
‘k | 103 5 101 7 
5 1 0.000 1.000 1.22 5 1 0.316 0.947 1.18 
2 0.548 0.893 1.08 2 0.548 0.893 1.09 
3 0.707 0.839 1.03 3 0.707 0.839 1.03 
4 0.837 0.772 0.945 4 0.837 0.772 0.95 
5 0.949 0.654 0.801 5 0.949 0.654 0.80 
1.02 1.8 4.01 0.5 
Case 1 Case 2 l 1 a 
k  e(%) e (%) 
1 22.4 2.7 
2 7.2 14 | 
3 3.9 0.9 ٣ | 
4 26 0.7 E 
5 18 0.5 ic | 
$ | 
5 H 
I 
È 
& 


i 
i 
Number of measurements, k (---) ; 


a ms ^: j‏ شت 
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yT Problem 8.185 [5] Part 3 


Open-Ended Problem Statement: The chilled-water pipeline system that provides air 
conditioning for the Purdue University campus is described in Problem 8.158. The pipe 
diameter is selected to minimize total cost (capital cost plus operating cost). Annualized 
costs are compared, since capital cost occurs once and operating cost continues for the life of 
the system. The optimum diameter depends on both cost factors and operating conditions; 
the analysis must be repeated when these variables change. Perform a pipeline optimization 
analysis. Solve Problem 8.158 arranging your calculations to study the effect of pipe 
diameter on annual pumping cost. (Assume friction factor remains constant.) Obtain an 
expression for total annual cost per unit delivery (e.g., dollars per cubic meter), assuming 
construction cost varies as the square of pipe diameter. Obtain an analytic relation for the 
pipe diameter that yields minimum total cost per unit delivery. Assume the present chilled- 
water pipeline was optimized for a 20-year life with 5 percent annual interest. Repeat the 
optimization for a design to operate at 30 percent larger flow rate. Plot the annual cost for 
electrical energy for pumping and the capital cost, using the flow conditions of Problem 
8.158, with pipe diameter varied from 300 to 900 mm. Show how the diameter may be 
chosen to minimize total cost. How sensitive are the results to interest rate? 


(From Problem 8.158: The pipe makes a loop 3 miles in length. The pipe diameter is 2 ft 
and the material is steel. The maximum design volume flow rate is 11,200 gpm. The 
circulating pump is driven by an electric motor. The efficiencies of pump and motor are ny 
= 0.80 and n,, = 0.90, respectively. Electricity cost is $0.067/(KW-hr).) 


E 
& 
E 
E 
t 


Analysis: rw Problem 8.158, fhe electrical eniy for puriping costs $ 774, 000 
ptr year for ١١ tog galeras per minita, Uircalatarn. The present hae, 
with D Zu jn. 1 ملو‎ zed for PAIS fia rare, M ADP: > سا‎ = Ap. 


Tht مو اح‎ pipe diameter mim mni jes Todal annualised Lost, far Corns Fra cette 
Aad operation of the Pipeline, Gp Ft Sp. Construction cost Ce i d pee tiene Cast, 
Annualized pun ping cast Ce à compuled by Sarrien 03 He present لوب‎ of CACA 
Annual purnping cost over the [vfefine of the pelos. For 20 gears at Sperent per 
year, Sow 2/31 (see spreadsheet), Osts may be expressed ور‎ HOS OF MANS که‎ 


For tre وړو‎ mao diameter, y = ZKD - D” =0, fo 


. 5K E l ۱ 

LE Es 0j‏ : مهو 03/7 اا رد Sle‏ 551 5 ده 

spi poe att fo js, | 

Fro Eg 4 | 
1 Ko = Co pe a Ga ا‎ F274, 209, (05015 = 1ه‎ i ^ ور‎ Ko 


fhe gama rss.‏ وه with these values Art Sh‏ دو ام هلت اه 
ophirm3 & a. nt, larger f eeu rate, note Co ap ~ fs = fala ~fa’‏ 6 
Thus Ds‏ 
at‏ وړ زډ غه وړو Kp (Otis) * kei (ae E lb 3)* Kp Graf) = 3.04% م١ 3 ae The nov‏ 

Be bl 


DASS In, AS Shown be the stoned plo. 


Resulta ar nat he sentit BW perest cares Only Kpvaries, Dopr + وډ‎ 1a, fae CRIS, 
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m TA Problem 8.185 [b] Part 2/3 


Annual interest rate (95) 
i= 5 10 15 20 
Year pwf pwf pwf pwf 
1 1.00 1.00 1.00 100 | ©. | 
2 0.952 0.909 0.870 0.833 20-Year Sum of Present Worth Factors | 
3 0.907 0.826 0.756 0.694 14 
4 0.864 0.751 0.658 0.579 i$ | 
5 0.823 0.683 0.572 0.482 T 
6 0.784 0.621 0.497 0.402 E 10 
7 0.746 0.564 0.432 0.335 a á 
8 0.711 0.513 0.376 0.279 | = 
9 7 0.487 7ه‎ 0.233 | & 6 
10 0.645 0.424 0.284 0194 E, 
11 74 0.386 0.247 0162 | P | 
12 0.585 0.350 0.215 0135 ® 2 i 
13 0.557 0.319 0.187 0.112 D : 
E 14 0.530 0.290 0.163 0.0935 0 5 40 15 20 : 
E 15 0.505 0.263 0.141 0.0779 Annual interest rate, / (%) 
i 16 81 0.239 0.123 0.0649 e. 
el 17 0.458 0.218 0.107 0.0541 
k 18 0.436 0.198 0.0929 0.0451 
19 0.416 0.180 0.0808 0.0376 
20 0.396 0.164 0.0703 0.0313 
Sum: 13.1 9.4 7.2 5.8 
K= 9,890 Sin? Cost of construction per diameter squared 
| K, = 81E*13 grin? Present worth 20-yr cost of pumping 11,200 gpm 
| Pipe Cost of Cost to Total Cost 
iameter, Pumping, Construct, bo. 
D(n) c,(10$) C, (10 $) C: (10 $) 
٨ 23.9 2 = Chilled Water Pipeline Operating Cost 
16 17.3 2.53 19.8 3 
17 12.8 2.86 15.6 
18 9.59 3.20 128 | i = 5 percent 
19 7.32 3.57 10.9 n = 20 years 
20 5.67 3.96 9.62 م‎ 5 Q = 11,200 gpm | | 
21 4.44 4.36 8.80 = 
22 3.52 4.79 8.30 o Total cost 
23 2.82 5.23 8.05 $ 10 
24 2.2B 5.70 7.97 "s 
25 1.86 6.18 804 | y 
26 1.53 6.69 821. 185 
27 1.26 7.21 8.47 
28 1.05 7.75 8.81 ! Construction cost ; Pumping.cost 
29 0.884 8.32 9.20 ! 6 
30 0.746 8.90 9.65 45 20 ae 40 
Pipeline diameter, D (in.) 
ج‎ ER eee m SEEDS 
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(T Problem 8.185 [5] Part 1/3 
| i 
K¿= 9890 535 Cost of construction per diameter squared 
K, = 3.0613 $*in? Present worth 20-yr cost of pumping 14,600 7 
i Cost of Cost to 
PR Pumping, Construct, Total oo 
D (in) C,(10%$) Ce (10°$) eo 
| i He idu Ms A Chilled Water Pipetine Operating Cost | 
17 21.6 2.86 24.4 
18 16.2 3.20 19.4 i= 5 percent ِ 
19 12.4 3.57 15.9 e n = 20 years i 
20 9.57 3.98 13.53 9 15 + Q = 14,600 gpm | 
21 7.50 4.36 11.86 2 E 
22 5.95 4.79 10.73 8 Total cost : 
23 4.76 5.23 9.99 24 - 
2 24 3.85 5.70 954 ٢ سي‎ | | 
$ 25 3.14 6.18 9.32 o Pumping cost 1 ; | 
3 j 26 2.58 6.69 9.26 5 i i 
A 27 2.14 7.21 9.35 8 5 
ik 28 1.78 7.75 9.53 | ; 
29 1.49 8.32 9.81 Construction cost i 
30 1.26 8.90 10.2 6 
| 15 20 25 30 | 
Pipeline diameter, D (in.) 
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Problem 9.1 [2] 


9.1 A model of a river towboat is to be tested at 1:18 scale. The 
boat is designed to travel at 3.5 m/s in fresh water at 10°C. Esti- 
mate the distance from the bow where transition occurs. Where 
should transition be stimulated on the model towboat? 


Given: Model of riverboat 
Find: Distance at which transition occurs 
Solution: 
-U- U- 
Basic equation Re, = a se and transition occurs at about Re, = 5x 10° 
1 
6 a m 
For waterat10°C v = 1.30x10 .— (Table A.8) and we are given U = 3.5.— 
5 5 
v-Rez 
Hence P E x, = 0.186m x, = 18.6-cm 
p U p p : 
Xp 
For the model Xm = T Xm = 0.0103m Xm = 10.3-mm 
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100 


Length of Laminar Boundary Layer 
on the Roof of a Minivan 


Problem 9.2 


9.2 The roof of a minivan is approximated as a horizontal flat plate. 
Plot the length of the laminar boundary layer as a function of mini- 
van speed, V, as the minivan accelerates from 10 mph to 90 mph. 


Given: Minivan traveling at various speeds 
Find: Plot of boundary layer length as function of speed 
Solution: 


Governing equations: 
The critical Reynolds number for transition to turbulence is 
Re crit = PVL «i/i 500000 
The critical length is then 
L crit = 500000 W/V p 
Tabulated or graphical data: 


u= 3.79E-07 Ibf.s/ft? 
p= 0.00234 slug/ft^ 
(Table A.9, 68°F) 


Computed results: 


L crit (ft) 
3 


0 10 20 30 40 50 
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Problem 3 


9.3 The takeoff speed of a Boeing 757 is 260 km/hr. At approxi- 
mately what distance will the boundary layer on the wings be- 
come turbulent? If it cruises at 850 km/hr at 10,000 m, at 
approximately what distance will the boundary layer on the wings 
now become turbulent? 


Given: Boeing 757 
Find: Point at which transition occurs; Same point at 10,000 m 
Solution: 
U. U. 
Basic equation Re, = 05 = =* andtransition occurs at about Re, = 5x 10° 
1 v 
5 m km 
For air at 209C v = 1.50x10 ~-— (Table A.10) and we are given U = oe 
5 r 
v-Rez 
Hence Xp = m Xp = 0.104m Xp = 10.4cm 
At 10,000 m T = 223.3-K (Table A.3) T = -49.8?C 
We need to estimate v or p at this temperature. From Appendix A-3 
NT = k 
- NT b = 1458x 10 قا"‎ - $= 104K 
14= a 
1 msK 
byT -5N- 
Hence لا‎ = H p. = 1.458 x 10 دو‎ 
1-— m 
T 
For air at 10,000 m (Table A.3) 
k k 
JE = 0.3376 Pg = 1a È نم 03376حم‎ p = 0414-5 
PSL ae ME 
5 m km 
yet v = 3.53x 10 ~— and we are given U = 850.— 
p 5 hr 
v-Rez 
Hence Xp = T Xp = 0.0747 m Xp = 7.47 cm 
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[21 
U = 88.2 Z 
S 
U = 91.5 
S 
U = 16.9 
S 


Rep = 2.5x 10" 


U = 197mph 
U = 205mph 
U = 37.9mph 


Problem 9.4 


9.4 For flow around a sphere the boundary layer becomes turbulent 
around Rep = 2.5 X 10°. Find the speeds at which (a) an American 
golf ball (D = 1.68 in.), (b) a British golf ball (D = 41.1 mm), and 
(c) a soccer ball (D = 8.75 in.) develop turbulent boundary layers. 
Assume standard atmospheric conditions. 


Given: Flow around American and British golf balls, and soccer ball 
Find: Speed at which boundary layer becomes turbulent 
Solution: 
Basic equation Rep = pus = vD and transition occurs at about 
u Y 
4ft 
For air v =162x10 .— (Table A.9) 
5 
v. Rep 
For the American golf ball D = 1.68-in Hence U- S U - 289.— 
5 
v- Rep 
For the British golf ball D = 41.1mm Hence U = D U = 300.— 
5 
v. Rep 
For soccer ball D = 8.75:in Hence U = D U-55.5.— 
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Problem 5 [2] 


9.5 A student is to design an experiment involving dragging 
a sphere through a tank of fluid to illustrate (a) “creeping flow" 
(Rep < 1) and (b) flow for which the boundary layer becomes 
turbulent (Rep = 2.5 X 107). She proposes to use a smooth sphere 
of diameter 1 cm in SAE 10 oil at room temperature. Is this realistic 
for both cases? If either case is unrealistic, select an alternative 
reasonable sphere diameter and common fluid for that case. 


Given: Experiment with 1 cm diameter sphere in SAE 10 oil 
Find: Reasonableness of two flow extremes 
Solution: 
-U-D UD 
Basic equation Rep = P = —— and transition occurs at about 
1 v 
4 n 
For SAE 10 v=11x10 .— (Fig. A.3 at 20°C) and D = 1-cm 
5 
v-Re 
For Rep = 1 wefind U=—— vU=001-™ . u-i109? which is reasonable 
D 5 5 
5 v-Rep m 
For Rep = 2.5x 10 U = 7 U = 2750— which is much too high! 
5 
Note that for Rep = 25x 10° we need to increase the sphere diameter D by a factor of about 1000, or reduce the viscosity v b 
the same factor, or some combination of these. One possible solution is 
2 
For water v = 1.01x 10 (Table A.8 at 20°C) and D = 10:cm 
5 
5 v-Rep i 
For Rep = 2.5x 10 we find U = U = 2.52-— which is reasonable 
D 5 


Hence one solution is to use a 10 cm diameter sphere in a water tank. 
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U = 69.0-mph 


Problem 9.6 


9.6 A4ft X 8 ft sheet of plywood is attached to the roof of your 
vehicle after being purchased at the hardware store. At what speed 
(mph) will the boundary layer first start becoming turbulent? At 
what speed is about 90% of the boundary layer turbulent? 


Given: Sheet of plywood attached to the roof of a car 
Find: Speed at which boundary layer becomes turbulent; Speed at which 90% is turbulent 
Solution: 
Basic equation Re, = pe E ٣۳ and transition occurs at about Re, = 5x 10 
u v 
2 
: -4 ft 
For air v = 1.62x10 .— (Table A.9) 
5 
v-Re, ft 
For the plywood x = 8-ft Hence U = U = 10.1.— U = 6.90-mph 
x 5 
v-Rey ft 
When 90% of the boundary layer is turbulent x = 0.1 x 8-ft — Hence U = U = 101.— 
x 5 
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9.7 The extent of the laminar boundary layer on the surface of 
an aircraft or missile varies with altitude. For a given speed, will 
the laminar boundary-layer length increase or decrease with alti- 
tude? Why? Plot the ratio of laminar boundary-layer length at alti- 
tude z, to boundary-layer length at sea level, as a function of z, up 
to altitude z = 30 km, for a standard atmosphere. 


Given: Aircraft or missile at various altitudes 
Find: Plot of boundary layer length as function of altitude 
Solution: 


Governing equations: 
The critical Reynolds number for transition to turbulence is 
Re qı = PUL wiu = 500000 
The critical length is then 
L 447 500000wU p 
Let L o be the length at sea level (density وم‎ and viscosity Lp). Then 


L ci! o = (uy p/po) 


The viscosity of air increases with temperature so generally decreases with elevation; 
the density also decreases with elevation, but much more rapidly. 
Hence we expect that the length ratio increases with elevation 


For the density p, we use data from Table A.3. 
For the viscosity u, we use the Sutherland correlation (Eq. A.1) 


u = bT'7/(1+S/T) 


b= 146E-06 kg/m.s.K'” 
S= 1104 K 
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Computed results: 


[7€ [ TW | v9» | ws Tz 
oo | 3992 | 1000 | 199 | 190 


Length of Laminar Boundary Layer 
versus Elevation 
60 ¬ 
50 - 
40 - 
الا‎ o 
30 - 
20 - 
10 - 
0 T T 
0 10 20 
z (m) 
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Problem 9.8 


9.8 Plot on one graph the length of the laminar boundary layer on a 
flat plate, as a function of freestream velocity, for (a) water and standard 
air at (b) sea level and (c) 10 km altitude. Use log-log axes, and com- 
pute data for the boundary-layer length ranging from 0.01 m to 10 m. 


Given: Laminar boundary layer (air & water) 
Find: Plot of boundary layer length as function of speed (at various altitudes for air) 
Solution: 
Governing equations: 
The critical Reynolds number for transition to turbulence is 

Re git = UL ori = 500000 
The critical length is then 

L eit = 300000w/U p 


For air at sea level and 10 km, we can use tabulated data for density p from Table A.3. 
For the viscosity u, use the Sutherland correlation (Eq. A.1) 


u= bT'?/(1+S/T) 
b = 1.46E-06 kg/m.s.K'” 


S= 1104 K 
Air (sea level, T = 288.2 K): Air (10 K, T = 223.3 K): Water (20°C): 
p= 1225 kg/m? p= 0.414 kgm? p= 998  slug/f? 
(Table A.3) (Table A.3) u= 1.01E-03 N.s/m 
u= 1.79E-05 N.s/m* u= 1.46E-05 N.s/m' (Table A.8) 
(Sutherland) (Sutherland) 
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Computed results: 


Water [Air (Sea level) [Air (10 km) 


Length of Laminar Boundary Layer 
for Water and 7 
100.0 
وواوتف‎ 
1.0 
L crit (m) 1 
پک پک‎ 
Y پا‎ 
0.0 Water 
— — Air (Sea level) 
- = = Air(10 km) 
0.0 
1.E-02 1.E+00 1.E+02 1.E+04 
U (m/s) 
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Problem 9.9 


unm Asin (By 3+ c 


Given! Sinusoidal velocrty profile for laminar boundary layer 


Find; (à) State three applicable boundary Cond #1005. 


(4) Evaluate A,B and C. 


Solution: For the toundary lager, at 
(1) Gro, K=O (no stip 3 
G) & 4, U =U 
(3) F = 0 (^o shear Stress ) &.c 
Apetiying these boundary cone tons, 
GO) tito) = Asm(o)- C ده‎ ٨٢ » هو‎ 
la €) = Asin@$) =U 
e = AB cosí(By) 
رق‎ S uer ABUSES) ۵ه‎ BS 9 ^ or B jt 
Thea from (2), ۵ د‎ :()85( = Asia) =A=U0, ane ther 
tL = Ust Es 
A=0,8=.,C=0 A,B, 
i 2f — M E 


AO 
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and Sinusomal velocity profiles 


imear ٨۸ لاي‎ 
ir 
+ L C. ٤ ‘ : 
Feo o ftc E = 2 ES A ئی ورک‎ ica | بات‎ a S^ TE 
ai CG)7(g) ir eG) 
T : : é ra 
Find! Compare shapes by plotting E ve. ££ 
Solution: 
4 
f 
p 
0.8 Linear y 
| 11 
H fi 
i / 
^. 
KT 
"^ 
0.6 | Pa 
vs 
مړ‎ r 
Á 
yið P 
Sinusoidal ^ ,* 
"LA 
“oy 
0.4 "o 
P d ES 
A 
ه1‎ 
2“ Parabolic 
0.2 ur 
“ie 
PAS 
eS 
i em 
j Ce 
oo 
0 
0 0.2 0.4 0.6 0.8 1 
uu 


Problem 9.10 


Given: Linear, parabolic, 


hor laminas boundary lager, 
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ورک د 
4 2° 2° 
2859 229 
280 


Problem 9.11 


9.11 An approximation for the velocity profile in a laminar 
boundary layer is 


Does this expression satisfy boundary conditions applicable to the 
laminar boundary-layer velocity profile? Evaluate 67/0 and 0/6. 


Given: Laminar boundary layer profile 
Find: If it satisfies BC's; Evaluate ó*/ó and 0/0 
Solution: 
3 
The boundary layer equation is 1 = ay 3H for which u= Uat y = ó 
U 20 6٥ 
The BC’s are u(0) - 0 an 0 
dy, 
u 3 1 3 
Aty=0 —=~(0)-=(0) =0 
y “ -36)40) 
2 2 
T du o(31 3y] fai 35 
ly 20 20] 2ó 20 
f u f u 
For ó*: ó*-||1-— dy =||1-— ld 
1 ae 1 i 
x 2 1 1 
Then 3 E لو اد‎ 7 
ó $ U (6)ا(لن |ل‎ 4 
ub u 3 1 4 
wi Lug 
U 2 27 
ó* ( u h 
Hence —=||1-— ld =1|1-%7+2Hm? ld 
5 1 |) "jn 
?u u o 
For 6: d= |—|1-— dy =| —|1-— ld 
m 1 l í jo 


la) 


a(t 27 
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3 4 
u = 92 2| (E for which u = U at y = ó 
U ô o 


Problem 9.12 


9.12 An approximation for the velocity profile in a laminar 


boundary layer is 
A X4 
==2 2(2) +(2) 
U Ó Ó Ò, 


Does this expression satisfy boundary conditions applicable to the 
laminar boundary-layer velocity profile? Evaluate 07/6 and 0/6. 


Given: Laminar boundary layer profile 
Find: If it satisfies BC's; Evaluate ó*/ó and 0/0 
Solution: 


The boundary layer equation is 


o 
The BC’s are (0) = a = 
دا‎ 
Aty=0 p 2(0)- 2)0 + (0)* =0 
2 3 
رھ‎ = à y Ea 
ly 6 6 o 
f u f u 
For ó*: ó*-||1-— [dy = 1-٨ 
e-z)- Is 
ES 9 1 
Then 2 E و اب‎ | 
ô 65 U 4 
; u 3 4 
th —-29-2g + 
wi U 11 47) +7 
ó* ? u : ae 
Hence کاو لل اوی‎ +2 --1 lan = 
fu u tu 
For & Bebe qtiae 
i a 
o 1 
Then 1 = 
6 61101 UJ JU 
Hence 
0 Lu 1 1 
6 lo 0 0 


: Jan = fn- + 7 (1-271 +7° -n'in = [27-47 - 27° + "رو‎ - An? - 47° + 47 -n° dn 
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٥ : 
هن و‎ for which u = U at y = ô 


#0 so it fails the outer BC. 


ô 
0< y< و‎ 
y 2 


Problem 9.13 


9.13 A simplistic laminar boundary-layer model is 


Does this expression satisfy boundary conditions applicable to the 
laminar boundary-layer velocity profile? Evaluate 07/6 and 0/6. 


Given: Laminar boundary layer profile 
Find: If it satisfies BC's; Evaluate ó*/ó and 0/0 
Solution: 
The boundary layer equation is id = 2 PA 
U o 
u y 
—=|2— 42 — + 42 = 
AN 
The BC’s are u(0) =0 a = 
dy| -s 
Aty=0 ~ = /2(0)=0 
U 
1 
Aty=6 و او‎ 
ly à Js 


This simplistic distribution is a piecewise linear profile: The first half of the layer has velocity gradient 2 5 = وز‎ , and the 


U 


U 
second half has velocity gradient : aad و‎ = ae . At y = 6, we make another transition to zero velocity gradient. 


mn 5 
For ó*: 0*= — “ly = 1 — "2 
1) لن‎ 


[sg] ٢و اک‎ 


" 6 1 
Then pa 1-٨ - a-2 
ó 0% U A U 
with sm 0<7<— 
“ 2-2 + )2-1( «gel 


راو او ړووار وا 


1/2 
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= 0.152 


1 


12 


=| کا ر کے‎ |=- = 0.396 
6 8| l4 8| 4 4 
fu u tu u 
For & 0-|—|1-— [dy =| —|1-— ld 
i fol cJ ot مل‎ 
0 1¢u 1 ru u y) fu u 
Then س- 1 اس اس‎ lay=/= 1-— a| > |-[—|1-— an 
8 6101 UJ) jul uJls) jul u 


^ jt Fark n fe 2j (8-68 - G2 e 
لواو لواو او ار‎ 


p 8 12 24 6 
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Problem 9.14 paa 


Given: "Power lat! velocity profile for turbu lent boundary (ayer NE 
and parabolu profile tar [ammar eéoundany fa epu, 


t 


2 


“Power few" eg 7 وه‎ ٤ 72b 2(É) (2) 


Find; Compare Shapes Ey pato Hing 2 VS. zê. 


Solution : 


“ie 


Turbulent ra 


Sis 


Mote that the "DOWNES (cuo " prof re د دو‎ an af ۴6هد‎ or His deleg 
At & 20, SINCE, 
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Problem 9.15 Ql. 


| Goen: TT مڭ تبه > کله ې‎ E ei 
عشهش2ايا‎ Re ro elc Cox eo profe. 
SAKA: . 
Se ERN Aen . Se Cy OA X 


ES 
PY ls a E. 7 ¿Da 


honras quo 3 T ak E 


ye ar 6 e Dele $A Swot | 


فا 


Foradil grote DF ES (Y ine 
el, = MEN a A dy = Ç اوا‎ + 
Moe اي ده - )ا‎ SS són Sol 


| — ees S 
So. seal. pre XS = SN ZLE = en S4 


elc q sh S SN په‎ = S Canta > SAIS án 


٢ eme ORO‏ )خي Res‏ =[ په 
ES‏ 


sede tional” Brand 
A 


n 


el, = = = = = OAS 
عون واو‎ R cafe و مه قو‎ S ls 
eA RS = "1 o Na 


“Soe SO |‏ بلس یک 


Ww 
Siva Soll es TAD دز‎ ASK 
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Problem 9.16 


GA . Mess ‘ SAVAYS cde SS Ec dak SN e 
ind Lor oe نن‎ Tae es 


MD Weeox 
ta eere esc x, لالح‎ 
resul has کې‎ ES 
منم هخچ‎ SUS Cer کشم‎ pro 
هحلط‎ 
pud «e SM s C SES TUN 
fa ke N eve COSA E 
CN b bs دي اه‎ Ses 
Qe Noe CG we پا‎ Hj 8 ox 
مل‎ Nesc9Au eee OM “hs = CUN er 2020 
S|- CESET C eut Sets TOR 
S hae ert, تیا"‎ soti - vhs 
c e د‎ ۳ E E eS M چا‎ RENS e شي‎ Szo کل‎ 
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Problem 9.17 " 

Gen; ` Poweria bei pre Gr amet نما‎ 

Wer asa erede اک‎ Lor دو چو بسییحدوا‎ Mex 
* Sous Ass = SEN X NC X = 23 z AS 

Ersohuotle : Cand mum CUNG. که‎ Us څغه‎ ae Cor ais ee 

SÍS سي‎ ts 

p Neb POS t d = d SN (AN 
B= xd QUE y د‎ 


وب 2 ت"" د يا 


up | -— a ue 


Sle Ç Ce eas Y = | 

Vue Re A ean eee | 

eae. |‏ بب و )حا 

es وا‎ SA = O O d 

eles ٢) ako Ss COCHA. Cs AQ a 

Cor نک‎ A Aa «pre E | 

oe GA De CIN dn a «| FA D ee 

Ves Pa we aene du ې‎ oe l 
ÓN 


EN 


Be او و‎ ss XY. QE = | 

- | | el 
pes el $ AS = که‎ Pla owes) a i 
Sede د‎ elc ! 


Poe NUS OAS همه یی‎ 


Vee Ware © 245 DO NBA 
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ex : 


Problem 9.18 [3] 


9.18 A fluid, with density p = 800 kg/m”, flows at U = 3 m/s 
over a flat plate 3 m long and | m wide. At the trailing edge the 
boundary-layer thickness is 6 = 25 mm. Assume the velocity pro- 
file is linear, as shown, and that the flow is two-dimensional (flow 
conditions are independent of z). Using control volume abcd, shown 
by dashed lines, compute the mass flow rate across surface ab. De- 
termine the drag force on the upper surface of the plate. Explain how 
this (viscous) drag can be computed from the given data even though 
we do not know the fluid viscosity (see Problem 9.41). 


Given: Data on fluid and boundary layer geometry 
Find: Mass flow rate across ab; Drag 
Solution: 
: : kg m 
The given data is p= Bu U =3-— L = 3m 6 = 25-mm b = 1-m 
m s 
Governing equations: 
0 م‎ fF يې‎ ¬ 
- ځال‎ ۷ ۰ ۸٨۸ =0 2 
Mass 2 LN pav + NC (4.12) 
A c نو‎ Of + Pos س‎ 
Momentum F=k+hb== | V p d¥ + J V م‎ ۷ ٨ (4.17a) 
01 ٧ Jes 


Assumptions: (1) Steady flow (2) No pressure force (3) No body force in x direction (4) Uniform flow at a 


Applying these to the CV abcd 
6 


Mass (—p-U-b-5) | p-u-b dy + map = 0 
0 
u y dy 
For the boundary layer ==“*= = =d 
y lay! U 5 " 8 1 
: 1 
Hence Map حر‎ 86 3 p-U-1-5 dy = p-U-b-6 - s pups 
0 
1 kg 
map = y RUDO Mab = m 
6 
Momentum Ry = U-(-p-U-8) + Map Uab | u-p-u-b dy 
0 
5 1 j À 
Note that Uap = U and | u-p-u:b dy = Í p:U -b-n dy 
0 0 
2 1 ! 2 2 
2 1 2 1 2 1 2 
Ry د0 ووو‎ aU TE zu 6 Ry = E 6 Ry, = -30N 


We are able to compute the boundary layer drag even though we do not know the viscosity because it is the viscosity that creates the 
boundary layer in the first place 
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Problem 9 


9.19 The flat plate of Problem 9.18 is turned so that the 1 m side is 
parallel to the flow (the width becomes 3 m). Should we expect that 
the drag increases or decreases? Why? The trailing edge boundary- 
layer thickness is now 6 = 14 mm. Assume again that the velocity 
profile is linear, and that the flow is two-dimensional (flow con- 
ditions are independent of z). Repeat the analysis of Problem 9.18. 


Given: Data on fluid and boundary layer geometry 
Find: Mass flow rate across ab; Drag; Compare to Problem 9.18 
Solution: 
i : kg m 
Thegivendatais p = 800-7 U =3-— L = Lm 6 = 14-mm b = 3m 
- 5 
Governing equations: 
0 ۴ d - B 
-— d¥ V-dA=0 2 
Mass 7 m pav + NR (4.12) 
ZU X. Of =. ' fert. V9 
Momentin و د وواد يا‎ 2) ۷ pd¥+ / V ۷۰م‎ dA (4.172) 
Ot Jev Jcs 


Assumptions: (1) Steady flow (2) No pressure force (3) No body force in x direction (4) Uniform flow at a 


Applying these to the CV abcd 


6 
Mass (—p-U-b-8) «| p-u:b dy + map = 0 
0 
u y dy 
For the boundary layer ==“*= = =d 
y lay! U 8 n 8 1 
: 1 
Hence Map = p-U-b.à -| p-U-1-5 dy = p-U-b-8 — P 
0 
1 kg 
6 
Momentum Ry = U-(-p-U-8) + may Uab + | u-p-u-b dy 
0 
6 1 
Note that Uap = U and | u-p-u-bdy = | p-U*-b-6- dn 
0 0 
2 1 j 2 2 
2 1 2 1 2 
Rg = -p.U DERE en سر دو‎ m 
1 2 
Ry = PU -b:5 Ry, = -50.4N 


We should expect the drag to be larger than for Problem 9.18 because the viscous friction is mostly 
concentrated near the leading edge (which is only 1 m wide in Problem 9.18 but 3 m here). The reason viscous 
stress is highest at the front region is that the boundary layer is very small (6 <<) so t = udu/dy ~ uU/à >> 
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Problem 9.20 [8] 1 | 


Given: Flud£tow over a thin Flat plate of width, b= 10m. Flow 15 
two-dimensional, Assume that i the boundary layer the 
VE/OCIRy POF IVE 18 Parabolic. (The Plate 153 m long.) 


à 1 £e سے‎ - & : - ES 
U U At bc, F l9=9*+) 9 =5 
—*a poe. 
ES BREET RENT Tk. - q F uw 
== eee ne =3.0m/s 
/ — Nee Er 5=25mm f 
Lou. mar = | 
×» چ‎ 


Finds (a) Mass flowrate across Ab, 
(6) x component Cand erection) of force needed ta hold pate, 


Solution: Apply the continuity aad غه‎ component momentum EGUAHONS, | 
= 0)1) [ 

Basie Eguatrans: Oz f edv T eV ed | 
cy cS 


=0(B) ¿5002 
E d 
By t Féx = I Leper’ +f UPV -då 


ASS UMPFOAS sou) Steady flow 
` GD Ab pressure Fortes 
E) Fey =O 
6G) Un لف #۸ حم‎ at da 
Then $ 
1 O= که نم۱‎ I] ۰ ل‎ pued + Mab 


$ / / "i 2 
Sut Á, pede = pubs | (en پل( ه-‎ = pubs [»* - 1o], دی‎ Yee 
THUS Magy & FULE ~F CIS =e قاطا ام‎ 
, - 1. 860! : | 
Map "8^ 400 7S y Sx / my, 0.0235 Ma eo, ka / Pas | 
; See شم‎ | 


From momentum , 


5 
Kx = Uda. د ئکآم/-‎ Ij + Lab Mas +f fn bdo j يلا‎ map =U 


é . / 
Birt J upu bely = کو تام‎ Co] do = £085 ٣ ار زرو‎ = £ putos 


Thus Rx = =O bS + putos + EPULS = E FU LS 


Ee £ | Boo k2 ,(3m9* ر.‎ : Ast 
= ' B dom, 0.025 m amv, RYN 
: (s mito ge i gm 


This farce must be cpp lit d to the Control yolunit by the plate, Thus 
to hold the plate, 


Ky = Ry = AN... (o the feft) 


e M  —" 
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Problem 9.21 [2] 


9.21 The test section of a low speed wind tunnel is 1.5 meters 
long, preceded by a nozzle and with a diffuser at the outlet. The 
tunnel cross-section is 20 cm X 20 cm. The wind tunnel is to 
operate with 40°C air and have a design velocity of 50 m/s in the 
test section. A potential problem with such a wind tunnel is 
boundary-layer blockage. The boundary-layer displacement thick- 
ness reduces the effective cross-sectional area (the test area, in 
which we have uniform flow), and in addition the uniform flow 
will be accelerated. If these effects are pronounced, we end up 
with a smaller useful test cross section with a velocity somewhat 
higher than anticipated. If the boundary-layer thickness is 10 mm 
at the entrance and 25 mm at the exit, and the boundary-layer vel- 
ocity profile is given by u/U =(y/d )"". estimate the displace- 
ment thickness at the end of the test section and the percent 
change in the uniform velocity between the inlet and outlet. 


Given: Data on wind tunnel and boundary layers 
Find: Displacement thickness at exit; Percent change in uniform velocity through test section 
Solution: 


The solution involves using mass conservation in the inviscid core, allowing for the fact that as the boundary layer grows it 
reduces the size of the core. One approach would be to integrate the 1/7 law velocity profile to compute the mass flow in 
the boundary layer; an easier approach is to simply use the displacement thickness! 


6 
a "T u 
Basic equations — d¥ + Í V.dA=0 (4.12) õdisp = : - z) dy 
at Jev? cs? = اي‎ 7 
Assumptions: 1) Steady flow 2) Incompressible 3) No friction outside boundary layer 4) Flow along streamline 5) Horizontal 
1 
- 7 
For this flow p-U-A = const and LR Ei 
U 8 
The design data is U design = 50.3 w = 20-cm h = 20-cm Adesign =wh Adesign = 0.04m? 
5 
E 
The volume flow rate is Q = U design Adesign Q =2— 
5 
We also have Sip = 10-mm Sexit 76 
6 
1 1 
ó 7 : 
Hence 8 del | الال = ن‎ by ss 1- j d where zd 8 
disp = T y= : y= : 1 T] ns disp jg 
0 0 
Hence at the inlet and exit 
à; 8... 
in exit 
Sdispin = z Sdispin = 1-25-mm ddispexit = 8 ddispexit = 3-125-mm 
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2 
Hence the areas are Ain = (w - 2-5 dispin):(h - 2-5 dispin) Ain = 0.0390-m 


2 
Aexit = (w a 2-ödispexit) (h B 2-Šdispexit) Aexit = 0.0375-m 


Applying mass conservation between "design" conditions and the inlet 


(=P Udesign'Adesign) 1 د‎ Ain) =0 


Adesign m 
or Uin = په‎ y ې دو‎ 
Adesi 
7 gn 1 m 
Also Uexit = Udesign' A Uexit = iT 
exit 
Uexit 7 Uin 
The percent change in uniform velocity is then سا‎ 3.91.96 The exit displacement thickness is ddispexit = 3.125-mm 
U. 
in 
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Problem 2 [2] 


9.22 Laboratory wind tunnels have test sections 25 cm square 
and 50 cm long. With nominal air speed U, = 25 m/s at the test 


section inlet, turbulent boundary layers form on the top, bottom, 
and side walls of the tunnel. The boundary-layer thickness is 0, = 


20 mm at the inlet and 62 = 30 mm at the outlet from the test sec- 
tion. The boundary-layer velocity profiles are of power-law form, 
with u/U = (y/à)" 7. Evaluate the freestream velocity, U2, at the 
exit from the wind-tunnel test section. Determine the change in 
static pressure along the test section. 


Given: Data on wind tunnel and boundary layers 
Find: Uniform velocity at exit; Change in static pressure through the test section 
Solution: 
: 6 
Basic equations H 1Y + Í V.dA=0 (412) 6 É 3 dy E v + gz = const 
س-‎ ( - dA = : isp ^ m = + س‎ + 87 = 
at Jev? cs? SEE "M م‎ 2 
Assumptions: 1) Steady flow 2) Incompressible 3) No friction outside boundary layer 4) Flow along streamline 5) Horizontal 
1 
T 7 
For this flow p:U-A = const and SESS 
U 0 
i : m 2 2 
The given data is U, = 25— h = 25-cm A=h A = 625-cm 
5 
We also have 6, = 20.mm 85 = 76 
6 


where 1= = 


m 
(D 
3 
6 
(D 
o 
e: 
un 
yo] 
——, 
سر‎ 
= 
| 
Ez 
uw» 
a 
< 
Il 
m 
| 
سر‎ 
I< 
NS 
س | ې‎ 
a 
< 
ll 
e 
E ٢٢ 
= 
| 
zz 
NI 
E 
a 
3 
an 
an 
a 
E 
اسو‎ 
Il 
an 


Hence at the inlet and exit 


6 6 
1 2 
Hence the areas are Ay = (h - 2Sdispa)" Ay = 600-cm^ 
2 2 
A) = (h-2:8 dispo) A» = 588-cm 


Applying mass conservation between Points 1 and 2 


U4-A4) +(p-Uy-Ay) = 0 or Uy = up Up = 25.52— 
(بهګړنام-)‎ (P-U2:A)) = 27 Va, ge 
pj U P2 U2 8 
The pressure change is found from Bernoulli —+— = — + — with p = 1.21-— 
p 2 p 2 4 
m 
Hence Ap = P (v z zs uz”) Ap = -15.8Pa The pressure drops slightly through the test section 
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Problem 9.23 [2] 


9.23 Air flows in a horizontal cylindrical duct of diameter D = 
100 mm. At a section a few meters from the entrance, the turbulent 
boundary layer is of thickness 6; = 5.25 mm, and the velocity in the 
inviscid central core is U, = 12.5 m/s. Farther downstream the 
boundary layer is of thickness 62 = 24 mm. The velocity profile in 
the boundary layer is approximated well by the 1-power expression. 
Find the velocity, Uz, in the inviscid central core at the second sec- 
tion, and the pressure drop between the two sections. 


Given: Data on boundary layer in a cylindrical duct 
Find: Velocity U> in the inviscid core at location 2; Pressure drop 
Solution: 


The solution involves using mass conservation in the inviscid core, allowing for the fact that as the boundary layer grows it reduces the siz« 
the core. One approach would be to integrate the 1/7 law velocity profile to compute the mass flow in the boundary layer; an easier approa 
is to simply use the displacement thickness! 


The given or available data (from Appendix A) is 


p = 123-5 U, = 12.5.3 D = 100-mm 61 = 5.25-mm 5, = 24:mm 
5 


Governing equations: 


— 1 d¥ V-dA = ” 
Mass hoy? IV. + NC lA - 0 (4.12) 


: M 
Bernoulli P + — + g:z constant (4.24) 


2 


The displacement thicknesses can be computed from boundary layer thicknesses using Eq. 9.1 


1 
u 7 
0 
: : 52 
Hence at locations 1 and 2 Sdisp1 = * Sdisp1 = 0.656-mm Sdisp2 = E Sdisp2 = 3-mm 
A1 
Applying mass conservation at locations 1 and 2 (بهګړنا م-)‎ + (p-U2:A)) =0 or رلا‎ = Uia 
2 
The two areas are given by the duct cross section area minus the displacement boundary layer 
7 2 -3 2 T 2 -3 2 
Ay = ru - 2-Ödisp1) A1 = 7.65x10 m Ap = mle - 2-Ödisp2) Ay = 6.94x 10 m 
A 
1 m 
Hence U> = U,.— Uy = 13.8— 
2 1۸ 2 i 


For the pressure drop we can apply Bernoulli to locations 1 and 2 to find p4 —py = Ap = P (uj - uy’) Ap = 20.6Pa 
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[2] 


2 
p V 
| ae E DOSE 


Problem 9.24 


9.24 The square test section of a small laboratory wind tunnel has 
sides of width W — 12 in. At one measurement location, the turbulent 
boundary layers on the tunnel walls are 9, = 0.4 in. thick. The vel- 
ocity profile is approximated well by the 1-power expression. At this 
location the freestream air speed is U, = 60 ft/s, and the static pressure 
is p, = —1 in. H20 (gage). At a second measurement location down- 
stream, the boundary-layer thickness is 6. = 0.5 in. Evaluate the air 
speed in the freestream at the second section. Calculate the difference 
in static pressure from section (T) to section (2). 


Given: Data on wind tunnel and boundary layers 
Find: Uniform velocity at Point 2; Change in static pressure through the test section 
Solution: 
; 0 — مر‎ 
Basic equations — pd¥+ Í pV-dA=0 442 
ot JCV CS 


5 
u 
Sdisp = | É = z) dy 
0 


Assumptions: 1) Steady flow 2) Incompressible 3) No friction outside boundary layer 4) Flow along streamline 5) Horizontal 


A = 144-in* 
ò 
ua 
disp ~ g 
ft 
Up = 60.25-— 
8 
1 
p = 0.00234. 
3 
ft 
lbf 
Ap = -0.0356:— 
ft 


Ah = —0.00684-in 


where n= 


al< 


Ay = 142m 
Ay = 1417 
U5 =U a 

2 Vy 
with 


Ap = -2.47 x 10 “psi 


Ap 
PH20'8 


Ah = 


For this flow p:U-A = const and 
; ; ft 
The given data is U, = 60.— W = 12in 
5 
We also have 6, = 0.4-in 85 = 0.5-in 
6 
1 1 
6 7 E 
H a E 
ence Sdisp = 1-—|dy = 1- $ dy = o 1-9 /dm 
0 0 
Hence at the inlet and exit 
51 52 
Sdisp1 = z Sdisp1 = 0-050-in Sdisp2 = — 
Hence the areas are Ay = (w = 2-disp1) 
2 
A5 = (W- 2-õdisp2) 
Applying mass conservation between Points 1 and 2 
Ui px U» 


The pressure change is found from Bernoulli 


Hence Ap = 2.(u?- uz”) 


slug 


In terms of inches of water PH20 = 194-7 
ft 
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y? 
= + — + g:z = const 
p 2 


Pp 


Problem 9.25 


9.25 Air flows in the entrance region of a square duct, as shown. 
The velocity is uniform, Ug = 100 ft/s, and the duct is 3 in. 
square. At a section 1 ft downstream from the entrance, the displa- 
cement thickness, 6*, on each wall measures 0.035 in. Determine 
the pressure change between sections (D and ©. 


Given: Data on wind tunnel and boundary layers 
Find: Pressure change between points 1 and 2 
Solution: 
۱ : 0 — =- 
Basic equations — p dY + Í pV .dA = 0 (4.12) 
ot ٧ CS 


Assumptions: 1) Steady flow 2) Incompressible 3) No friction outside boundary layer 4) Flow along streamline 5) Horizontal 


Ay = ېږو‎ 
ft 
Up = 105.— 
5 
slug 
p= 0.00234 = 
ft 
lbf 
3 psi Ap = 10 
ft 


2 
A4 = h 
Ay = 8.58-in- 
U») = U ^ 
2 Tx 
with 
Ap = -8.05x 10 


For this flow p-U-A = const 
: , ft : 
The given data is Ug = 100-— Us = Ug h = 3-in 
5 
We also have Sdisp2 = 0.035-in 


Hence at the Point 2 Ay = (h = 2-5disp2) 


Applying mass conservation between Points 1 and 2 


dE (p-Uy Az) =0 or‏ (رهرنام-) 


p 
The pressure change is found from Bernoulli — + — = — + — 


Hence Ap = P (uj x uz) 


The pressure drops by a small amount as the air accelerates 
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Problem 9.26 [3] 


Given: Developing foco of air in flat horizontaj chick. 
fa, 
ASSUME A =@) ? n boundary layers, 


Fino: (a) Show &" Ig = 1/9. 
€) Calculate average wall shear Stress. 


Solution: | | 
(NES 


a : Aisscume Foa i5 Unus Chad in compress thle , ind / That ea AAA efíccts are 
de Neg / 97/6 outside the boundary lagers. 
z 


5 d ! 7 
St =f o به‎ =$ (pon ده‎ [ihn dn = $5 - dn y]! کی‎ 


Fram continuity VA, = VU us tl = We A, = V, ٧٤ دول‎ 


10 300 mem 


H 
Vz = v, H-S E Pam Cos -2 m9 T 10.9 mis 
Fram Bernoulli, since 3=constant, 2 ae P + Y along a. SEAS, 
2 pz 
Pig = Pi “Py = > zev,* = -$x 1123 ES, alog: es = "61,5 Ra 


Un 


hg = pa- =- ورات‎ = “gn he ke, (e m سب‎ 73.1 Fa 
Apply و کرو وه که‎ CV shown: 


Eo | 
Ep وسردم‎ Tur ۷-۳ يمغ‎ b neuere + V {reva ( 2-8 )urf 


سه 2$( ام = ٧ us [ 3 "dv‏ م 
T 3 E Lu a‏ 
EME Hor -OVi U- ag uf‏ + ج vbi p)‏ مو : 


Po altered «ew - n ss] 


Ses = L BE LUI 12343 (OY, 01S m Nis a , in. qe (0, 15=0.022) 
Sm ma paa > “gun 


7 m 6.200 ts RET 


[3] 


fe 


Problem 9.27 


Gwen: Ar foco in lavoratere tod. hengi kst LOR. 
hr “bS mm tho 
چ رت"‎ 
5, = 20,3 mr ۰ 
dz € 28.4 mm 


UN En Ey jn £Ls 


Find: 2 Freestream speed at exit, Us. 
(b) Pressure at exit, Pr, 


egs.‏ ام Apply displacement Thek wst, Con Pn it,‏ : اک 
)70 


hn tons: < -& NE «-] eV 
lompuhng eguaton LO 95d و‎ Lev 
2 fr 1 
ار‎ rap Fe زرو‎ 


Assumptions: (1) Sadeg flow G) ېښ مل‎ Plecs [outside BL) 
E) Trcompressitte flow 6) Same Buon four wats 
@ No Pachan outside SL) O) Neglect Corno eects 

ly Along asteamiine (2) Neg lect Az 


a t 1 PN &/ d : = = 
E NS =f re oh 


= $5, P 40.38 ram * 2.54 emm y Ela diz p ES Y rra غه‎ 3,18 20 


Then 


Frorn conhauity, UA, د‎ U(W-24* )* “I A, "(wo - 26 


G2 : همهو‎ CIN YE 24. s 300- TN e 29.6 mis 
W253 nats n 
From Bernotelte, $£.,0 P 


É 


_f cuna] 123 k yee s د‎ A T 
ال ور‎ d. Ep lito) Cea] oa MS b.03 N/m 


A 
Since Ap =~ 0h, tren Ah P 


P-P, = VES a f un e — O bS rnm Ho 


Pk وور‎ ae O X 
From amerent 220: "en Pi- - وت‎ hur . 8 0 


MICI Utm . mš سا‎ BG mm tho 
2* m ES ډو ې"‎ 7 


D” P ALT) = 743.9- 2.5 mm MO 7 ک,بښا-‎ mm ه٥‎ 
L i 


p =P her - ام‎ 


f, = 745 mm tha - 


کے 
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| 


ETS 5 SQUARE 
ETS 5 SQUARE 
ETS 5 SQUARE 


Lar 
ee 


Problem 9.28 [3] 


9.28 Flow of air develops in a horizontal cylindrical duct, of 
diameter D = 400 mm, following a well-rounded entrance. A tur- 
bulent boundary grows on the duct wall, but the flow is not yet 
fully developed. Assume that the velocity profile in the boundary 
layer is u/U = (y/d)'". The inlet flow is at V = 15 m/s at section 
(D. At section ©, the boundary-layer thickness is 62 = 100 mm. 
Evaluate the static gage pressure at section O) located at L = 6 
m. Find the average wall shear stress. 


Given: Data on fluid and boundary layer geometry 
Find: Gage pressure at location 2; average wall stress 
Solution: 


The solution involves using mass conservation in the inviscid core, allowing for the fact that as the boundary layer grows it reduces the size 
core. One approach would be to integrate the 1/7 law velocity profile to compute the mass flow in the boundary layer; an easier approach i 
simply use the displacement thickness! 


The average wall stress can be estimated using the momentum equation for a CV 
The given and available (from Appendix A) data is 


k 
p = 123-8 U, = 15 L = 6m D = 400-mm 5, = 100-mm 
i 5 
Governing equations: 


. م 3 


— dy V. é A = 2 

Mass E? NL IV. + NC 1A - 0 )4.12( 
P-haRh-£] y w+ | V pV - dA (4.172) 
= Fs B=T "n IV « de .17a 

Momentum Ot Joy f CS f 
y? 
Bernoulli B + E + g:z = constant (4.24) 
p 


Assumptions: (1) Steady flow (2) No pressure force (3) No body force in x direction 


The displacement thickness at location 2 can be computed from boundary layer thickness using Eq. 9.1 


1 
02 Es 5 
له‎ AP ed cct 
disp2 U 2 ^ 8 
0 
0 
2 
Hence Sdisp2 ra Sdisp2 = 12.5mm 
: l : A1 
Applying mass conservation at locations 1 and 2 (بهګړنا م-)‎ + (p-Uz:A)) =0 or U) = Uro 
2 
Asdo A, = 0.126m° 


4 


The area at location 2 is given by the duct cross section area minus the displacement boundary layer 


T 


2 2 
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m 


Hence 


For the pressure change we can apply Bernoulli to locations 1 and 2 to find 


p/ 2 2 


P2(gage) = ړم‎ (gage) - Ap P2 = -40.8Pa 


Hence 


For the average wall shear stress we use the momentum equation, simplified for this problem 


D 
2 2 2 i 
T 
Ap:Ay —7-1™-D-L = -p:U] ‘A, +p-U) 40 - 2-52( +p: : 2-T-ru dr 
—-ó 
2 2 
1 
7 
D 
u(r) = Uz: BA and r=—-y dr = -dy 
85 2 
0 
D 2 
2 7 
D 
p د‎ dr = 2 p. 05". Aa Y E dy 
D 2 62 
—-5 
a2 82 
D 
2 6 
D 2 
p ځا اوه‎ - RABU Ses 
D 9 8 
—-5 
2 2 
2 27 2 2. [D °2 
d 
T-D-L 
T = 0.461Pa 
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where 


The integral is 


Hence 


1 
")/ 


Problem 9 [5] Part 1/2. 


Given? Air flow ith wind tuanel Confracfoa and WSH section As Shown. 
U, = 50.2 m/s 
§2* 10,3 mm 
H = 35 mm 
L = bof mm 
Find: (a) 4$ 
(b) “pri fh ae 
(c) ها همه # دع‎ total drag forte caused by frie tion yn each wali 
Solution: Assumt turbulent Bl. leith ly power pro fil, z $5. AU 
By definition $ - [0-tudf. SL donada 1 A- p^ - Ya 
Thus Sa =gh "¿xl0.3 mm = 2,54 mm 


From continurty, UA, = UH =U A, = UH -25%)* 
H>? L 
= زګ‎ = 5p M (Zas) EE ; 


Apply tre Beane eguahon To the Stacy, intompre S516), Frichonless Flous 
Gloag a stream hoe outside the boundary lagers: 


i eios hP FG)‏ لوو دنو 


md, = Lxht3k4 [0.2 -(519P]m?* Nes” _ ~ 107 Mim? z 
Pe “p, 2 ke | Jy xit - rH b, 


Choose the CV Shown To evaluat deag Caused by frichoo 
"0t) 


0f) 
Basic iquaton: E Fl = z ay + V. 
4 3x is f ue [vo eld 


Asstmt: (1) Horizontal, So Fig, «b 
(2) ول 4 ډک‎ flow 


So 


Then 2 5 
Pi HS, - p-p Hh = U f-pU As, } + Û ftrinp} + | u p u Holey 
م‎ 5 
or Fo = (p-p) Hs tpU Hb,- mtp) up dy 2 
` " by 
Prom Conservator of mass, Map "m, T mis = fU, HS, a eu Hdg (2) 


5 i ' 5 D 7 di 
Evaluating The jategrals, Hn pano = gu P&, Nidan = و‎ HE, 
é 


5. 1 i 
aad 4 ها ېدا‎ Hele; = PU, HS, Í An JA = EZDADIS 
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d LOL a LU LL 
BE oc ce ايا کا‎ 


42398 200 RECYCLED WHITE 5 SOLA 


42.392 100 RECYCLED 


Problem 9 


[5] Part 1/2 
d E L, 4-23 51.4 
Thus f pu Hee, * FPULHS “pr Ad as 1 Bb BS, 0.0103 مور‎ - 6.2346 K4 کا‎ 
PUH S, + 2514, £y مو ههوو هكم‎ 0.382. ka js 
Prem - 2, top a(0.222-0.295) 4 . 0.030% kg کا‎ 
5 
d. . M 
Also 1 uputtdy = کال وی‎ 2c d.a, 514) quA د و‎ US کرت‎ lbo N 
and Us +0, +U ) zd (De ELDR m St 1 mis 
5 
Frm 4: d, b pp) ٢۵۲ * 10 M ham, 0,0103 mM a Cr Gb t. N 
: = / d. 4 
ام‎ HS, وړو و‎ zu dabo A غه‎ z 19,2 ۸ 
Finally, Subshtediag mh 1 
F5 Obl Af + IAN — 51 5 ندبد نو‎ — (0M هې‎ 2,00 N £p 


The viscous drag forct acts oa the CV in the direchen shen, The viscousdrag | 


Force on the wal of the test Sechen 1S Eques And opposite: 


£4 4 


سے 
٧۲۸٢ 8188 38 77‏ 
e‏ 


Viscous drag fortes 0n 
WANG ot st section 
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42.999 200 RECYCLED WHITE 5 5 


E* 5 SQUARE 


500 SHEETS, FILER 5 SQUARE 


4382 100 REDYCLED WHITE 5 SCRJARE 


ایرو 


A 


Problem 0 


10 


be 


0-b 


Biasitas 


E . 
á profile 


2.2 


Fa ra bolic 
Profrite 


http://librosysolucionarios.net 


Given: Blasius exact Solution for laminar boundary “layer او(‎ 
Find: Plot and compare to parabole prof lt a = 27-92, 


Solution: The Blasius solution BS Given m Table Fd; IE یک‎ plated below. 


Problem 417 


Given: Numerical Sults of Blasias tor laminar boundary «layer flew. 


Find: (AY Evaluate C distribution . 
(6) Flot Tw versus 7 l 
(€) Compare results from the sinusoida! profile, 5 - s mE E 


Solution: For the Blasius So lukon, e = Use =Uf y), and 3 = Z 


Computing equation! E us 


Fr the Blasts profile, Tzu lr] E 


ant dy 
DRE Le E PS TD ; 
z C NEL A T 
A با‎ Je 2 


From the above equation, E EE MEL 2o PED 
"  f'éo) 4.33206 


DES Patt má * 


Sinte y~& ar 795, then ورلا‎ 


DN Dinuso ¿dal 
vá appro x JE profile, 
“a | 


LL MES 


es | 
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5 $ SQUARE 
5 5 SQUARE 
5 SQUARE 


ښوا يه غا 
تفا لتقا sir‏ 


Problem 2 e 


Given: Numeral reseita of Blastus hr laminas boundary - (ayer flour. | 


Find: (A) Evaluate T VA 
(b) Plot CÍCu versus کل‎ | 
(sy Compare results from The 0d nam eolre Profile, = - 29 7 


- 


T 2 
Comput og LF CL Tun | T =p Ey 


SUE Blasites profile, cru blvd | بابر‎ Y AUF ‘fry JZ | 


Thus T. 


8*7 jp Fife = po Tre) PT 


yes. 


From above eguaton, T _ $m 0 ËD 
Cw Mo) 0.8220 
Since لا ها‎ at y=, then ls = Yig., Plotting: 


1,0 


Q.L 


"m 


Para bolit > Sa . 


0.2 Approximate Prof: fe 


LA 
F= 22) ca 


For the parado) profile, 


eu یاه 5 1 )ل لار ر‎ 
TA سنوي‎ UE 22) ] i tu fz] 


Tr = |- 2 (para buie profited 
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Solution: For the Blass Solution, Ls vs = UF nl, and 97 £ 


Problem 3 BI 


Giver: After) real restos OF Brastes for lumi Aare UNPAS- laser هگ‎ 
Ena: Prot VIO verses gid for £e, توک‎ 
Solution: For the Blasius solution , Y= JU x Hn) And ny DA 


the sirean Ao = -2 aal AYU دغه‎ a tii df ax 
From arm func Ora, y oad E a t») + [Uy d. cd 


چب 


mes وه‎ ٢٢ لتو‎ C42) = LUE (6m او‎ 


and 
2 E يو‎ -E | 
S am [fti £y] = Bof) E 
2/4 e. y 
Also 
E DNE. 
4 sR BE 
ie: 
Tabu late from Table 9.1: Plot: 
7 4 finiri) وو‎ 
0 " D 
0.4 22455.ډو‎ 420x107" 
1.0 D. ta Z.b0x 
1.4 Ó. 816 4,99 xip77 
2.0 0.bro bu xot 
FANS: 5.427 1.3) xy 
3.0 "m / و62‎ 
A. 32 2.09 xi 7. 
,با‎ LER 2.40 x 
44 Lbo 253x105 
50 L9 HIPCZT d 
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Problem *9.34 [4] 
CASERA i Basu SAG No ودن‎ Xate epa 


SES 4 Te 
Where Ù= CEN AD aná asa E 
Fmd: an "Mec BEN CATES Sn Cox W 


ds) Park ه٥‎ aras ADA چک‎ Ar f 
یچ‎ s Ma کل‎ A To Axe e RANE ده دک مهد در‎ Sar aS سلا‎ 


8 ae LS" Cu AEA LO | 

ae ۔ے و‎ |G oe ed SS \ = A RD da ECH KT 0 d 
Su ده‎ dure "EUG PES 
Ss C ast NY à TANIA = ZA 


eR CCD aE A af — 


Sa VAM X 
c ساد دد‎ mere REN 
` ٩ 
SO (aN = _ AE 
at په‎ BA O OC PEN NET | 


A Eu 
Ro. : - Ve 
ES XA er M 9 
T i ۱ 
Gig ae سک‎ 
b EK 2 PERRO 
A D 
Foc so پک‎ 04. foe mas E د وه‎ Wee 
y NUMOS / N 3 0.13 
۷ 3 CE i / E 
Ix EN S As i ۸ هم‎ X SE 
€ d. 
«€ | 
2 O O. TS a i j " 
١ Orde OO 0.083 | y 
2 OMED oe GN Ae | X 
5 VBA OMA 0.225 l / \ 
پا‎ BZ BOS O.OWAL (C NM g x 
S BH Sos OOS B uw Tk 
V een XK E EN X Or. 1 ^ 
A : . 
Qu TU Ao کا صا‎ M Cox 13) Qa esa 
AL 
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2M 
Saon: Fran Be denon of Y, ys ak 


EET 
5 SQUARE 


35 sertis 


Problem 9.35 [4] 


9,35 Numerical results of the Blasius solution to the Prandtl 
boundary-layer equations are presented in Table 9.1. Consider 
steady, incompressible flow of standard air over a flat plate at free- 
stream speed U = 15 ft/s. At x = 7.5 in., estimate the distance 
from the surface at which u = 0.95 U. Evaluate the slope of the 
streamline through this point. Obtain an algebraic expression for 
the local skin friction, 7,,(x). Obtain an algebraic expression for 
the total skin friction drag force on the plate. Evaluate the momen- 
tum thickness at L — 3 ft. 


Given: Blasius solution for laminar boundary layer 
Find: Point at which u = 0.95U; Slope of streamline; expression for skin friction coefficient and total drag; Momentum thicknes 
Solution: 


Basic equation: Use results of Blasius solution (Table 9.1 on the web), and y = y: | s 
U 


f= 2 = 0.9130 at n= 3.5 
U 
u 
f = — = 0.9555 at "n = 4.0 
U 
1 ! ; (4-3.5) 
Hence by linear interpolation, when f' = 0.95 n = 3.5 + ———— — — ——— (0.95 — 0.9310) n = 3.89 
(0.9555 - 0.9310) 
4 ft ft 
From Table A.9 at 68°F v = 1.62x10 .— and U = 15-— x = 7.5in 
5 5 
Hence ۷ 0 iio y = 0.121in 
U 
The streamline slope is given by ay m where u-Uf and v= En, (mf -1( 
dx u 2 x 
dy 1 [vU f 1 1 £ f- f) _ 1 (ff) f-f) 
= | - ==> 1١ 4 - M - 
dx 2 x Uf 24U-x f 2. | Re, f 
We have e Re, = 5.79 x 10^ 
Y 
From the Blasius solution (Table 9.1 on the web) 
f = 1.8377 at n=3.5 
f = 2.3057 at n= 4.0 
Hence by linear interpolation f = 1.8377 + LAST tad — 3.5) f = 2.2027 
(4.0 — 3.5) 
Y 1ے‎ Y= 6.00306 
dx 2. Rex 1 
The shear stress is Tw = pr p u4 p v|= me u aty y= 0 (v= Oat the wall for all x, so the derivative is zero there) 
Oy | Ox 
2 2 
Ty = eU N and at 1 = 0 = 0.3321 (from Table 9.1) 


۳ 
x 
N 
N 
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2 


x 


pU 


¡Rex 


.U- 
Ty = 0.3321-U. | E SU Es o3: 
x p-U-x 
L 
Fp = | Ty dA = | Ty bdx where b is the plate width 
0 
E : i 
-U 1 
Ep =| 0.3321 .bdx - 03321.-0^ |. | ax 
Re U 1 
xX -- 
0 Se 
0 
1 
2 0.6642 
Fp = vara ar? ESO U bL: 
D D 
U Rer. 
T. T. 
2 d or do = dx 
pu^ * نآ م‎ 
i F 
1 1 FD 066427 
0 Tw — y T Em 
pU 40 pU y Rer 
U-L 
L = 3-ft Rey = —— Rej, = 2.78 x 10° 
v 
0.6642-L 
a 9, = 0.0454in 


6p = 


http://librosysolucionarios.net 


The friction drag is 


For the momentum integral 


We have 


Problem 6 [5] 


190,36 The Blasius exact solution involves solving a nonlinear 
equation, Eq. 9.11, with initial and boundary conditions given by 
Eq. 9.12. Set up an Excel workbook to obtain a numerical solution 


of this system. The workbook should consist of columns for n, f, 
f', and f". The rows should consist of values of these, with a suit- 


able step size for y (e.g., for 1000 rows the step size for n would 
be 0.01 to generate data through y — 10, to go a little beyond the 
data in Table 9.1). The values of f and f' for the first row are zero 
(from the initial conditions, Eq. 9.12); a guess value is needed for 
f” (try 0.5). Subsequent row values for f, f’, and f" can be obtained 
from previous row values using Euler's finite difference method 
for approximating first derivatives (and Eq. 9.11). Finally, a sol- 
ution can be found by using Excel's Goal Seek or Solver functions 
to vary the initial value of f" until f* = 1 for large y (e.g. y = 10, 
boundary condition of Eq. 9.12). Plot the results. Note: Because 
Euler's method is relatively crude, the results will agree with 
Blasius' only to within about 1%. 


Given: Blasius nonlinear equation 
Find: Blasius solution using Excel 
Solution: 
The equation to be solved is 
8 2 
CHROM وو‎ (9.11) 
dr dn 


The boundary conditions are 


f =0 and B. es at 0 
dn 


tl oy at go (9.12) 
dn 


Recall that these somewhat abstract variables are related to physically meaningful variables: 


u , 
زو‎ 
and 
U 
da ES 
Using Euler’s numerical method 
foa ~ fn + Anta (1) 
faa = fn + AN fn (2) 


Id ~ fa +AN fn 
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In these equations, the subscripts refer to the n" discrete value of the variables, and A7 = 10/N is the step 
size for y (N is the total number of steps). 


But from Eq. 9.11 
m 1 n 
اا ا‎ 


so the last of the three equations is 
" " 1 " 
faa ~ fn + An 9 n fn (3) 


Equations 1 through 3 form a complete set for computing f,f',f". All we need is the starting condition 
for each. From Eqs. 9.12 


fo =0 and f,=0 


We do NOT have a starting condition for f"! Instead we must choose (using Solver) fọ so that the last 
condition of Eqs. 9.12 is met: 


fy =1 
Computations (only the first few lines of 1000 are shown): 


An = 0.01 


Make a guess for the first f"; use Solver to vary it until f'N = 1 


penes su qn هی‎ 
ښه | دا‎ poo EC | om] 


0 05 0 0003 0 0165 0 3303 


Blasius Velocity Profile 
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[2] 


Problem 9.37 


9,37 Consider flow of air over a flat plate. On one graph, plot 
the laminar boundary-layer thickness as a function of distance 
along the plate (up to transition) for freestream speeds U = 1 m/s, 


2 m/s, 3 m/s, 4 m/s, 5 m/s, and 10 m/s. 


Given: Data on flow over flat plate 
Find: Plot of laminar thickness at various speeds 
Solution: 


Governing equations: 


5 J. T 
5,28 (921) and Re, = Us 8 = 5482 
x Re, 2 v U 


The critical Reynolds number is Revit = 500000 


Hence, for velocity U the critical length چېد‎ is Xorit = 500000 
Tabulated or graphical data: 


y= 1.50E-05 m/s 


(Table A.10, 20°C) 


Computed results: 


eS LAA A IL‏ = غاب د خا 
]— اس — اس wo‏ 
0.025 
0.050 
0.075 


| 010 | 671 ^ ]| 475 | 2387 | 336 | 30 | | 
| 02 | 94 | 671 | 548 | 475 | 424 | | 
| 05 | 2150 | 1068 | 866 | 750 | 671 | | 
| 15 | 259 | 1838 | 1501 | 1300 | 1162 | | 
| 19 | 2926 | 206 | 1689 | 1463 | | | 
| 25 | 3356 | 2373 | 197 | | | | 
| 38 | 47 | 2926 | | |  »[| | 
[ 50 | as | — o | | | | 
عکا‎ | wis سن سي ټس‎ 28:7 13377 
[275 [| 582 [ + | | | | 


Laminar Boundary Layer Profiles 


6 (mm) 
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Tw (Pa) 


Problem 9.38 2] 


79,38 A thin flat plate, L = 0.25 m long and b = 1 m wide, is in- 
stalled in a water tunnel as a splitter. The freestream speed is U = 
1.75 m/s and the velocity profile in the boundary layer is approxi- 
mated as parabolic. Plot 6, 6*, and T, versus x/L for the plate. 


Given: Parabolic solution for laminar boundary layer 
Find: Plot of 5, 6۶, and Ty versus x/L 
Solution: 
1 : u fy) Y 6 8 Tw 0.730 
Basic equations: == A | E B -= eg = m 
U 6 6 x [Rex = pu? {Rex 
H i u f u y f NN 
oou p*= (1-5 a -ó وت نیا‎ 1-2+7° -4 -g-- j == 
و دو‎ 5) 7 an 1-1 t31 | = 


Tabulated or graphical data: Given data: 


v= 1.01E-06 m?/s L= 025 m 
(Table A.8, 20°C) U= 1.75 m/s 


Computed results: 


pal Pas 
[0.0000 |0.00.5700| 0.000 | 0.000 | —] 


Laminar Boundary Layer Profiles 


6 and §* (mm) 
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Problem 9.39 [2] 


9.39 Consider flow over the splitter plate of Problem 9.38. Show 


algebraically that the total drag force on one side of the splitter 
2 > 

plate may be written Fp = لام‎ 0۱۸۳. Evaluate Û, and the total drag 

for the given conditions. 


Given: Parabolic solution for laminar boundary layer 


Find: Derivation of Fp; Evaluate Fp and 01, 
Solution: 
Basic equations: Ü - 0 - i = ات‎ Tw _ ګ‎ ue, + کو‎ ge 
[Rex p ax dx 
L=025m b=1m U= 1757 = 1000. 
m 


6 
: , — ^h d(,2 u u 
The momentum integral equation then simplifies to — = —\U .0 where 0 = —|1-— 
p d U U 
0 
= 2 de 
For U = const Ty = pU 
L L i 0 
The drag force is then Fp = | 7, dA = | Ty:bdx = | p-U b dx E | 1d0 Ep = pU ba 
0 i 0 
0 ! : 2 2 í 2 3 4 2 
For the given profile == qua dn = Í (2 1 2n+n ET = Í (2 5T +4n -n ES = — 
Ul U 0 0 15 
0 
eg 
15 
6 m U-L 5 
From Table A.8 at 20°C =v = 1.01x 10 .— Rej, = — Rey = 4.332 x 10 
5 Y 
5.48 
| Rer, 
2 
0; =—:0 0; = 0.278mm 
L 15 L L 
= 2 b 8 = 
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[2] 


MI 


Problem 9.40 


Given: Thin flat plate sa tater tunnel. 
| لا‎ 1.4 mis —— 
L 70.3 m 
i , j TS Ed x 
Veloc uf E90 as Tim 2(F) -(#) 
Fined} Total drag foree مه‎ plate due to Skin Frichsn . 
Solution: Check Ke, = e - ahem سو‎ ii^ EUN 48 x 10$, sq laminar. 
Viscous drag rr hue sides of plate ts (Assteme T * zo.) 
L 
| Drag = 21 و و‎ GG 
tne definthon, Tw کد‎ AD dis; LAU رم‎ _ 
در پر سو‎ etn] cg 
Since, iz 3:48 ) 3 s 5. x, - Ey. ^A. 
YE. VRe, لام = رم څ یوی ډګ‎ 
Substihitig into Eq, 1, 
^ 4 
fp = 2 LAU = Z Y * dx L 
4 سه ې‎ = rug عا تاره‎ xa T TATE p, m) موو‎ 
j اسو‎ 5.48 
= E X 1 Om, gag Keg , 0 2 ble m Y bd 13 0 S. EM A/S 
S.48 ګېم‎ $ 5 se o m= mn 
Fp = fill Mf 
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p 


[2] 


(9.23) 


(Compare to 30 N for Problem 9.18) 


(Compare to 50.4 N for Problem 9.19) 


Wes 
5 


Re, = 3.6x 10° 


Problem 9.41 


9.41 In Problems 9.18 and 9.19 the drag on the upper surface of 
a flat plate with flow (fluid density p = 800 kg/m?) at freestream 
speed U — 3 m/s, was determined from momentum flux calcu- 
lations. The drag was determined for the plate with its long edge 
(3 m) and its short edge (1 m) parallel to the flow. If the fluid vis- 
cosity y = 0.02 N + s/m?, compute the drag using boundary-layer 


equations. 
Given: Data on fluid and plate geometry 
Find: Drag at both orientations using boundary layer equation 
Solution: 
The given data is p= 800. u= 002.77 
m m 

] i p-U-L 

First determine the nature of the boundary layer Rey, = —— 


p 


The maximum Reynolds number is less than the critical value of 5x 105 


Hence: 
Tw 
Governing equations: Ce = i (9.22) 
2 
.p.U 
: p 
L 
The drag (one side) is Fp = | کا‎ 
0 
L 
Using Eqs. 9.22 and 9.23 Fp = a نم‎ = dx 


3 
Fp = 0.73-b-y -L-p-U 


L = 1m 


3 
Fp = 0.73-b-y -L-p-U 


Repeating for 
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Problem 2 [3] 


9.42 Assume laminar boundary-layer flow to estimate the drag 
on the plate shown when it is placed parallel to a 5-m/s air flow. — 50 cm 
The air is at 20°C and 1 atm. 


—— 
— 
٩ 50 cm 
— 
٨-5 
> 50 cm 
— 
—>+ 
Given: Triangular plate 
Find: Drag 
Solution: 
: : Tw 0.730 
Basic equations: Ce = l e = 
zo v? | Rex 
3 
L = 50m L = 0.433cm W = 50-cm U=5> 
5 
5 m k 
From Table A.10 at 20°C v = 1.50x10 ~-— p= 121% 
à m 
: : U-L i : 
First determine the nature of the boundary layer Re, = — Rey = 1443 so definitely laminar 
Y 
L 
The drag (one side) is Fp = | Tw dA Fp = | Ty WO) dx w(x) = w= 
0 
1 1 0.73 
We also have Tw = eeu = pie 0 
2 2 | Rey 
L 
L 3 1 
1 W | 0.730: 0730 2 W 2 
Hence Fp = Earn gh du ue EU dx 
Y 
) 0 
L 
1 
: : 2 2.2 3 -4 
The integral is x dx- a so Fp = 0.243-p-W-y v-L-U Fp =4.19x 10 N 
0 
Note: For two-sided solution 2-Fp = 8.38 x 10 ^N 
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Problem 3 


9.43 


Assume laminar boundary-layer flow to estimate the drag 


[3] 
50cm 
50cm 
50 cm 
U=5 


so definitely laminar 


x 
w(x) = wh: - z) 


on the plate shown when it is placed parallel to a 5-m/s air flow, 
except that the base rather than the tip faces the flow. Would you 
expect this to be larger than, the same as, or lower than the drag 


: —o 
Plate is reversed from this! ——» 


for Problem 9.42? 


ېچ 
Given: Triangular plate‏ 
Find: Drag‏ 
Solution:‏ 
Tw 0.730‏ : : 
Basic equations: ce = J Cf =‏ 
QU | Rex‏ 
3 
L = EA L = 0.433-cm W = 50-cm‏ 
m k‏ 5 
From Table A.10 at 20°C v = 1.50x 10 ~-— = 121%‏ 
à m‏ 
U-L‏ : : 
First determine the nature of the boundary layer Rey, = — Rey = 1443‏ 
Y‏ 
L‏ 
The drag (one side) is Fp = | Tw dA Fp = | Ty WO) dx‏ 
0 
0.730 1 
We also have Tw = Cp TUR == ue‏ 
Rey‏ |„ 2 
L L‏ 
id 6-8 0.730 ; 72‏ 1 
2 2 : 2 
Hence Fp = =:p'U -W dx = ——-p-U wv X -‏ 
U-x 2‏ 2 
x 0‏ 
Y‏ 
0 
L‏ 
3 1 
2 - 9 == 


Fp = 8.40 x 10 ^N 


2-۳ = 1.68 x 10 N 


The integral is 


Fp = 0.487-p-W4| v-L-U? 


Note: For two-sided solution 


The drag is much higher (twice as much) compared to Problem 9.42. This is because ty is largest near the 


leading edge and falls off rapidly; in this problem the widest area is also at the front 
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[3] 


25 cm 


ml 


m 
U-75— 
5 


so just laminar 


x 
w(x) = wo 


Fp = 2.20x 10 ^N 


2Fp = 4.39x 10 ^N 


Problem 9.44 


9.44 Assume laminar boundary-layer flow to estimate the drag 
on the plate shown when it is placed parallel to a 7.5-m/s air flow. 
The air is at 20°C and 1 atm. (Note that the shape is given by x = 
y/25, where x and y are in cm.) 


Given: Parabolic plate 
Find: Drag 
Solution: 

: : Tw 0.730 
Basic equations: cf = i ¢ = 

Zo v? | Rex 
2 
W = 25cm L= L = 6.25-cm 


25-cm 


Note: "y" is the equation of the upper and lower surfaces, so y = W/2 atx = L 


2 
v = 1.50x 1072.2 


From Table A.10 at 20°C — p-121— 
5 


First determine the nature of the boundary layer Rej, = 3.12 x 10° 


The drag (one side) is Fp = | Ty dA 


We also have 


4 
1 
ie) 
e 
| 
و‎ 
6 
1 


Hence 


= 0.365: p-W- v.L.U? 


ips 
0 
| 


Note: For two-sided solution 
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[4] 


25 cm 


UHUN 


m 
U = 7.5-— 


so just laminar 


X 
w(x) = W: /1-— 
(x) 5 


e dee 0.393-/m 
x L 


Fp = 3.45x 10 ^N 


2.Fp = 69x 10 N 


Problem 9.45 


9.45 Assume laminar boundary-layer flow to estimate the drag 
on the plate shown when it is placed parallel to a 7.5-m/s air flow, 
except that the base rather than the tip faces the flow. Would you 
expect this to be larger than, the same as, or lower than the drag 
for Problem 9.44? 
Note: Plate is now reversed! 


Given: Parabolic plate 
Find: Drag 
Solution: 

Tw 0.730 
Basic equations: cf = $ eg = 

Zo v? | Rex 
2 
W = 25cm L = L = 6.25-cm 


25-cm 


Note: "y" is the equation of the upper and lower surfaces, so y = W/2 at x = 0 


2 
v = 10010 2 


From Table A.10 at 20°C E 
S 
Fp = | Ty dA 


Rey = 3.12 x 10^ 


The drag (one side) is 


0 
We also have ك‎ ES E T ads 0.730 
w fo 2 
4 Rey 
L 
i 0.730 |1-7 ٢ 3 : 
Hence ES EW a NM 
U:x Y x 
p 0 
v 
0 
The tricky integral is (this 2 . 
might be easier to do E ETT وا‎ - Ele (E-r à 
numerically!) x L L 2 J-L-x* x 
3 L 
0.730 2 1 1 
D 2 p "EE 
0 


Note: For two-sided solution 


The drag is much higher compared to Problem 9.44. This is because tw is largest near the leading edge 


and falls off rapidly; in this problem the widest area is also at the front 
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[3] 


so definitely laminar 


Fp = 0.0150N 


Frog] = 0-0602N 


2-FTota] = 0-120N 


FComposite - ۹7 


2-F Composite = 0-0602N 


Problem 9.46 


9.46 Assume laminar boundary-layer flow to estimate the drag q 
on four square plates (each 7.5 cm X 7.5 cm) placed parallel to a — 
l-m/s water flow, for the two configurations shown. Before cal- : 
culating, which configuration do you expect to experience the — 
lowest drag? Assume the plates attached with string are far en- > 
ough apart for wake effects to be negligible, and that the water is — 
at 20°C. $ 
— 
Given: Pattern of flat plates 
Find: Drag on separate and composite plates 
Solution: 
: : Tw 0.730 
Basic equations: Ce = l e = 
s v? | Rex 
m 
For separate plates L = 7.5:cm W حا‎ 0 U =1-— 
5 
6 m k 
From Table A.8at200C — v = 101x10 9.2. p= 998. E 
" m 
: : U-L 4 
First determine the nature of the boundary layer Rej = — Rey = 7.43 x 10 
v 
L 
The drag (one side) is Fp = | Tw dA Fp = | Tuy W dx 
0 
1 0.730 
We also have Tw = Cet p-U? -—p y? 
w 2 7 
.اا‎ 
L 
L 3 1 
1 22 0.730 0.730 2 E 
Hence Fp = —pU-W dx = ——-p-U Wl v- X dx 
v 
J 0 
L 
1 1 
j a 2 3 
The integral is X dx-2L so Fp = 0.730-p WA v-L-U 
0 
This is the drag on one plate. The total drag is then Frotal = ^Fp 
For both sides: 
For the composite plate L = 4x 7.5-cm L = 0.30m 
= 0.730 P 
FComposite = 0-730-p-W-/ v.L-U 
For both sides: 


The drag is much lower on the composite compared to the separate plates. This is because ty is largest near the 


leading edges and falls off rapidly; in this problem the separate plates experience leading edges four times! 
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Problem 7 21 


buta: Lamina boundary layer (n Std, Air, Sinusoidal Proh k. 
Conditions: Y= 32 mis, L= he 55, x ME 


—— —3 


Find: Plot 8,58%, aad Tis VS. X/L. سے‎ 


کو پر M‏ يي د YOU AE‏ 


CG uoo fio fry sady, ۸ (72۳٣۹٤ cole سوه‎ . 


١ ri 
: S st .u Gf ۵) ۵ 
02:70 ۳ equahon. Tu purse $ ef (i FEGA 7 a li go 


P 


For the لکل! هي ۸ک‎ prof le, 


D 1 
22 Sir En ) را لوو‎ - [nta ~ sin Ena 


/ (CAS TT a 7 pu 
i = E ب‎ dcm 
- ACA $^ Nan COS A- کح + چ‎ TA] 
6 2 E a 2 
ناه په نت‎ = Se دم و‎ m 01 = VIT. 
Fr غه + ج > اس د‎ = و٢‎ LT RD 
Also Tuy e edt) 2 eU d sume = TAU, ery) = Wa 
اد د وو‎ 7 a ely ZS) lo ay (co ££, 28 | 
Thus Tw pps = TA = په‎ ٣ Sal کس سو‎ | 
f cx poa رتسب‎ de Of aa "gm gU 
1/177 3727/74 , ee x th. x ک‎ a [2m& & = 482, Sk 
L “pa PU == یزم تم‎ VE ; 
Aisa CA f 1 i 
e LL E 8 1 g 2 مړ‎ p= é 2p مه په‎ 
S- )اي‎ Ry uA لک‎ / snnt =A ti as E a (256.362 : 
E M al J, (i 7 F ADGA t r EL TTD c ٨ 
Ta bulo de: Rey * UL اھ ے‎ to, وو‎ EET = کو پر ور د‎ x 
X, / ES ó* Tuu 
Con) fon E team) Con (Qu im*) 
Des 43; xo 0.00276 7.95 1-94 00114 
Pal 2.68 x 10% 8 00195 Hs % 4.07 0. 27 2 4 
1.8 3.94 x 10% D-00183 13,7 4,47 0۰09 5 ۵ 
2 0.0% 
T a T 
(nen) Y 2005 | 
e H مړ‎ 
= AL Xx 
ae. ^ EUXE 
to 0.010 T gum E fe 
"o, ^ 
Tal 
(N jro) 
i 
O 2 
/ ۵ 
em) Plot 
1 
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Soluten: Apply momentam n leg ral Ea LS ME 


PS wk 
d jPoa2 ȘES sec iil $4 ut 


Problem 8 [3] 


l 17 7‏ , ا 
Given; Laminar boundary layer flou) with velocity profile, Era Pc‏ 


Find: EXoressions for s. Ce, کد‎ ig the Momentum integral EQUATION , 


Solution: Thé momentum integra! Equation IS 
OC} 
: 1 : _ 2 a دم‎ 
Computing egua ton: -¿ دوه‎ Cw = x i5 ufu dy س‎ UE po dg 


Assumprans: UJ Flat plate, so U «constant and E - =0 


(2) E is a function of x iy, Qa Sedat x O 
(3) Tncampress ble YXlou 


Then 


m ó a £ a 8 
Ly = Pn [pady SE upudy eran pulu- 4) du 


E , 2 olf 
or tec PU" SEL رو‎ = ev ٧٧١ روا ول‎ 


the Given ee prota te : 


ó UN ک ہے‎ dH dyco $ 


T 4 ae 
= PU S (2) er Sob تد و‎ 


Aotu (ise 


4 T ٧ / 
So gofl = f qn jan = Cet 29 2), = تل د‎ 
Tiu = 33) م‎ = AD ورو‎ = 44D oC) = UE 


Substituting for ۵ and Cw, 


UU 
Ed 


a FA x 
Lategratng, £ M X C, but CTD Sex S=O af x نج‎ Thus 


O, 
AE 
S = 5 x 
or s 
B x. سن‎ 5 
x Fx تل‎ x 
Also 
E E PE 
Ge LL gh PE: ےھ کے ہے‎ YA 
: e - ړن‎ ٣ رم‎ 
. PU لم‎ pus pUx § [lx 3 “to 
E E 
= 06 7 A 
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Problem 9 B | 


Gruen: Laminas bon dar y =lAsjer Flos of air, Condi fiat AS Shown. 


ASS me 5 -É U= 5,3 mj T> E i: ۸ 35/۱ STP. 
: 2 
Ena: Plot d, £ any Tw vs. xt. a 


Solutio: Apply the momentam integro) equation, مسا‎ 9,189, 


Computing equations m uno کو رم‎ Aa Tus E EET 


Assume! (i) stay form, (2) Irkomparess: ble flod, (3) tero pPressitrt Gradient | 


eA. u " / 
Thus Tu * =) = AV dl 2 يي‎ AU m AU. £e liada = d 
هم‎ OY مدږ‎ ۶ En) ies وي‎ rat : / PX 


(Ati zd =] 2 A] >‏ = )غو ES‏ > م 


0 


Substitetiag ate the MIE, uU و‎ put Bes Ly ua (SAD bn Ax | 
£ 7 


Integrahng, سو وا‎ ٢ ue و‎ - XR EF LB 


eU Ke Ra C X دد‎ | 
qu =U a MU YR poU UE , PE t5 | 
ES s × X aug EU ZAR | 
At Xml, »» E SBm م وو‎ Se = 2.90 رکا‎ se E 
5۴ نی ,کلب‎ ٤ حا‎ dul m = 267mm | n 
SS لر‎ x ı23 Eg E اکا‎ AES. woes wien | int 


0.02 


Ü 
۵ Ore OM D. la 08 
x lm) 
l l 
Ü DE DY 0 ما.‎ DÈ ^. D 
mug qoem) 
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| 


Problem 9.50 [] - 


Carmen: Lorry عم کو‎ SA pale of 
فو‎ ud Ra a an مه‎ 


= g 
SES x3 ap > wis eer oe پي‎ Se 


¿Bru Noes EN Ness. han o 


i: 
E UT تت‎ Abra eO SS OR for < MES = 
5 د‎ AEN a ee or ٢ 


i oda. e Fy. MS 1 NA 
OS UN eR اچېه‎ Be «owes cash E o SN Ta NA 
CR مه‎ ei SG د‎ I 
np ES 295 i TN S - کې‎ du. y w= ess 
For o. Neo s ero 6= $ 7 al -A da = : (Y Y - 


کا - ځار ٢٢ C CUM‏ و 


Sagarl ig, Mos CN arma er d EN 


په نما CATE‏ 


* 
SER > = b ad i Sree, ps ON AC Den 
E 1 zalo 
Cx: aes |" - SO nu ex s - SS. 


02 Lagat د د‎ 
کو‎ Jr ٧ pio = cun سرد‎ T 
ېیک په يپیا‎ 15 an m 


da = A ASIA $9 Ak = GC ES‏ دي و ما 


Wy = Qo Se ۷ 
Nwes i. S $ = E is Sa رت‎ 
where 0= Loma لک‎ 


Fac ayes condice 


- BEL _ 535 048 $ OS 
Ma Ww ** هپ‎ S e eO AP SUNY 
CRA کک ج‎ > Ds t 
= شم سن‎ aa + A ^ SAO xD 
وي‎ 3 Game C 
Bue [hs 0.851 yw 
څې پ‎ R Net gs > `A ¿de 
SS SS. = ARA 8. (Sa ې‎ MAA © REN INO SN وقح‎ 


we e پټ‎ 


gts 
NM نتا لتا ه5‎ A 
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QO SHEETS 5 SQUARE 
0 SHEETS 5 SQUARE 
Q SHEETS 5 SQUARE 


Problem 9.51 [3] 
9,51 Water at 10°C flows over a flat plate at a speed of 0.8 m/s. 
The plate is 0.35 m long and 1 m wide. The boundary layer on 
each surface of the plate is laminar. Assume that the velocity pro- 
file may be approximated as linear. Determine the drag force on 
the plate. 
Given: Water flow over flat plate 
Find: Drag on plate for linear boundary layer 
Solution: 
1 
du 2 dó u u 
Basic equations: Fy ح‎ 2.1 T,,dA Tuy = حر‎ at y = 0, and also Ty =pU-— | — 1-— 
D | w سو‎ dy w-P T 7 
0 
m 
L = 0.35-m W= 1m U = 0.8-— 
5 
6 m k 
From Table A.8 at 10°C v =130x10 ^2 p= 1000.5 
j m 
f : U-L 5 f 
First determine the nature of the boundary layer Re = — Rey = 2.15 x 10 so laminar 
Y 
The velocity profile is u= už = Um 
Hence Tw = سي‎ = w= (1) but we need 6(x) 
y 
1 
We also have 2 dó u 2 
Ty = pU-—| —|1-—|dn = pU-— 1-md 
٣ ar | T | p : 01 — n) dn 
0 
i ( 2) 1 20b. 1 2 
The integral is | - dx = = so T... = pU — = —. pU B 
i "n-T"n 6 w-P dx 6 p 
U 1 2 dó 
Comparing Eqs 18300 2 7,, = jp — = —-p-U -— 
paring Eq wl $ 6 p dx 
6 NE. 
Separating variables 6.08 = — dx Or 2 e UM edid but 5(0) = 0 soc =0 
p 2 pU 
Hence ô= 2 or 3 = 12 = 3.46 
p-U x Re, Rex 
L L 
L = e 
: WU JU 
Then Fp22]| T,dA-22W.| p-—dx=2-W pU PA tgga É | x ? dx 
0 
L 
1 
The integral is x 5 dx = 2-/L so Fp = APO que 
0 V3 v 
2 3 
3 


http://librosysolucionarios.net 


Problem 9.52 [3] 


9,52 Standard air flows from the atmosphere into the wide, flat 
channel shown. Laminar boundary layers form on the top and bot- 
tom walls of the channel (ignore boundary-layer effects on the 
side walls). Assume the boundary layers behave as on a flat plate, 
with linear velocity profiles. At any axial distance from the inlet, 
the static pressure is uniform across the channel. Assume uniform 
flow at section MD. Indicate where the Bernoulli equation can be 
applied in this flow field. Find the static pressure (gage) and the 
displacement thickness at section O. Plot the stagnation pressure 
(gage) across the channel at section ©, and explain the result. 
Find the static pressure (gage) at section 0 and compare to the 
static pressure (gage) at section O. 


Given: Data on flow in a channel 
Find: Static pressures; plot of stagnation pressure 
Solution: 
The given data is h = 30:mm 85 = 10.mm U) = 225. W = 1m (Arbitrary) 
5 
k 
Appendix A p= 123.5 
m 
V20 |  777-----.-- 
30 mm 
Pam 7| A ~~ > 
Width, w= 150 mm Y à, = 10 mm 


Governing equations 


0 1 f =~ H 
= ¥ V-dA=0 4.12 
Mass اس‎ Pt + | مي‎ dA (4.12) 


Before entering the duct, and in the the inviscid core, the Bernoulli equation holds 


2 
۷ 
P + Um + g:z = constant (4.24) 


Assumptions: (1) Steady flow (2) No body force in x direction 


For a linear velocity profile, from Table 9.2 the displacement thickness at location 2 is 


52 
Sdisp2 = > Sdisp2 = 5mm 


From the definition of the displacement thickness, to compute the flow rate, the uniform flow at location 2 is assumed to 
take place in the entire duct, minus the displacement thicknesses at top and bottom 


2 
A2 = w:(h— 2-ôdisp2) A» = 0.02m 
3 


Then Q = Az رت‎ Q = 0.45 
5 
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Mass conservation (Eq. 4.12) leads to U5 


The Bernoull equation applied between atmosphere and location 1 is 


2 
Pam Pi Uy 
+ 
p p 2 
or, working in gage pressures 


1 
P1 = -pyPUr P1 = —138 Pa 
(Static pressure) 
Similarly, between atmosphere and location 2 (gage pressures) 
1 2 
P2 = TOP P2 = —311Pa 


(Static pressure) 


The static pressure falls continuously in the entrance region as the fluid in the central core accelerates into a 
decreasing core 


The stagnation pressure at location 2 (measured, e.g., with a Pitot tube as in Eq. 6.12), is indicated by an application 
of the Bernoulli equation at a point 


u= رلا‎ 85 «y < 
(Flow and pressure distibutions are symmetric about centerline) 


1 
Hence pr p2 + 


The plot of stagnation pressure is shown in the associated Excel workbook 
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Problem 9.52 (In Excel) [3] 


9.52 Standard air flows from the atmosphere into the wide, flat 
channel shown. Laminar boundary layers form on the top and bot- 
tom walls of the channel (ignore boundary-layer effects on the 
side walls). Assume the boundary layers behave as on a flat plate, 
with linear velocity profiles. At any axial distance from the inlet, 
the static pressure is uniform across the channel. Assume uniform 
flow at section (D. Indicate where the Bernoulli equation can be 
applied in this flow field. Find the static pressure (gage) and the 
displacement thickness at section O. Plot the stagnation pressure 
(gage) across the channel at section O) and explain the result. 
Find the static pressure (gage) at section D and compare to the 
static pressure (gage) at section O. 


Given: Data on flow in a channel 


Find: Static pressures; plot of stagnation pressure 


Solution: 
Given data: The relevant equations are: 
h = 30 mm 2 = Xx y = 85 
U,= 22.5 m/s U ê2 
9, = 10 mm u= U» ô < y< Ë 
p= 1.23 kg/m * 
Z AN 
Po= -311 Pa Pp = P2 + 5P u 
y (mau (m/s)T p, (Pa) Stagnation Pressure Distibution in a Duct 


00 | 000 |-311:90| 
15 7 
[ 40 | 9.00 9 
10 - 
[ 60 | 13.50 19892 | y (mm) 
[ 80 | 18.00 74 5. 
[ 9.0 | 2025 |-5881 | 

il | | | | 
-400 -300 -200 -100 0 
p «(Pa gage) 


The stagnation pressure indicates total mechanical energy - the curve indicates significant loss close to the walls 
and no loss of energy in the central core. 
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a) 


a 


6) 


PES 


x 


Problem 9.53 


Consider flow of air over a flat plate of length 5 m. On one 


9.53 


graph, plot the boundary-layer thickness as a function of distance 
along the plate for free-stream speed U = 10 m/s assuming (a) a 
completely laminar boundary layer, (b) a completely turbulent 
boundary layer, and (c) a laminar boundary layer that becomes 
turbulent at Re, = 5 X 10°. Use Excel’s Goal Seek or Solver to 
find the speeds U for which transition occurs at the trailing edge, 


and at x = 4 m, 3 m, 2 m, and 1 m. 


Given: Data on flow over a flat plate 


Find: Plot of laminar and turbulent boundary layer; Speeds for transition at trailing edge 


U- " 
Re =- so — 8-548 E 
v U 


= 500000 


Xt = 500000. 


tala 


- T تاس‎ 
U 


Solution: 

For laminar flow 
58 _ 548 (9.21) 
x fRe, 

The critical Reynolds number is Reit 


Hence, for velocity U the critical length xci is 


For turbulent flow 


For (a) completely laminar flow Eq. 1 holds; for (b) completely turbulent flow Eq. 3 holds; for (c) 
transitional flow Eq.1 or 3 holds depending on x; in Eq. 2 


http://librosysolucionarios.net 


Given data: 


U= 
L= 


Tabulated data: 


v= 1.45E-05 m/s 
(Table A.10) 


— — Turbulent 


Transitional 


= = = «Laminar 


Computed results: 


ô (mm 6 (mm 6 (mm 


[990 [0.005700] 0.00 | 000 | 00 — 


| 100 |6.90E+05] 660 | 260 | 260 | 


Boundary Layer Profiles on a Flat Plate 


100 4 
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[3] 


Note: Figure data applies to problem 9.18 only 


turbulence occurs 


dA 


Problem 9.54 


*9.54 A developing boundary layer of standard air on a flat plate is 
shown in Fig. P9.18. The free-stream flow outside the boundary 
layer is undisturbed with U = 165 ft/s. The plate is 10 ft wide per- 
pendicular to the diagram. Assume flow in the boundary layer is 
turbulent, with a l-power velocity profile, and that ô = 0.75 in. at 
surface bc. Calculate the mass flow rate across surface ad and the 
mass flux across surface ab. Evaluate the x momentum flux across 
surface bc. Determine the drag force exerted on the flat plate be- 
tween d and c. Estimate the distance from the leading edge at which 
transition from laminar to turbulent flow may be expected. 


Given: Data on fluid and turbulent boundary layer 
Find: Mass flow rate across ab; Momentum flux across bc; Distance at which 
Solution: 
f . 0 - >- 
Basic equations: Mass = pd¥+ Í pV . 0۵ =0 
ot ٧ CS 


0 ۱ 
E, = E, + Ea, = 2 par | ٢ 
Momentum X Sy B, ot cv p CS E 


Assumptions: 1) Steady flow 2) No pressure force 3) No body force in x direction 4) Uniform flow at ab 


The given or available data (Table A.9) is 


2 
ft 1 -4 ft 
U = 165. 8 = 0.75-in b = 10-ft p = 0.00234. 28 “state 
5 کې‎ 5 
Consider CV abcd Mag = —p:U-b-5 Mag = —0.241 slug (Note: Software cannot render a dot) 
5 
l 1 
6 7 > 
Mass Mad | p-u-bdy + may = 0 and in the boundary layer = = (2) - dy = dy-6 
0 
1 
= 7 - 7 slug 
Hence map = 0۰10-0-6 - : p-Umn ‘Sdn = p-U-b-8 — "UR Map = 0١86 map = A 
i 2 
è >> f 2 7 E 
The momentum flux mfc = | م0‎ ۷ dA = | up-ubdy = pU -b-n dn = p-U -b-6-— 
across bc is 0 0 0 9 
7 2 slug: ft 
mfyc = QUE -b-Ó mfp, = 31 
5 
From momentum -Rx = U-(-p-U-8) + Map Uap + mfpc Rx = pip — Map: U - mfp. Ry = 3.87 1bf 
رپ1‎ 
5 U-x x 
Transition occurs at Re, = 5x 10 and Re, = E Xtrans = 3 Xtrans = 0.491 ft 
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Problem 5 [3] 


Gwen? Turbulent boundary- lower flow af water, + -pouer profile 
yy U> orm -—— Conditions of 
a7 2 MM Example 7 n 
Bad L= ا‎ 
Find: @) Expression for Wall Shtar stress, Tus. 


(b) LATegrocte. to obtain expression tre drag fare, Fi 
€) Evaluate for the condihaas Shotun. 


Solution? Apply results from ht momentum gras ¿qua hon. 


Compecting eguatian: Cg = n = Cee. ys (9.27) 
Solving fre Tw, 
TP, =L 0.0849 my x 5 
Tiu = zgU* 25 jus = 0. 594د‎ E) Tux 
x 


Integrahng ty obtain Fo, 


t =f mr L = 
Fo = Tw b dy, = [ o.0se4 (Zou) Sy “bale = cof x “Sel 
| ——— 


c 
L 
5 کا ر‎ ۷/٧٩ E Us 
Qu. m J =£(bL = L£LAbLlL 
کې‎ ۵ Y $ y b 


1 


1 


M -/ 
5 Loan Ur ر‎ E « 4 0.0721 
Fo Z (0.0894) ¿PU bL (=) L pu اط‎ a” Fs 
AAA دي‎ — — —— P — 
Evaluahng, with b= | m, 


Ke, = E - په‎ Y Mon ES jox pU ( T »20"6, Table AP) 
i *- 
Fp > gx TTA 2 يی سوه‎ lm, 0.0772 y NS. 4 2,34 Fo 
(ipe) ^S 7 


http://librosysolucionarios.net 


Problem 9.56 pes اِ‎ 


| Given! Turbulent boundary- lager flou of waten wadhon s oF 
Example Problem 9.4. Gola] چس‎ as 


H 


ie ngu Se | 
AsSsterne ۴ [y pes 4 | 

| a l سم‎ L= m — 
Find: Plot 8,5 and Tu verses distante. | 


Solution: Apply tht. results of Example Problem 9.4, 


ub equations: ٥ ~ 0392 EF y, SEU c doe | 
Computiag (qua س دمه‎ Es ee 7 se | 


T O> (RAT | 


E ape ome im im S. £ | 

rocandihoas given! A, = FEL مور‎ ۶ cnm کت‎ A | 

a ت8‎ 3 DEC “xp em | 
d | 3 P xo = Spo N fm 

| Tw = 0.0594, 500M ږ‎ ! . a £91 | 


| m (ee, ys (m 


FO bulate?} | 


x Rey Ry," 5 sf Ta | 
(a) Ee) E$ (mad mo) د‎ | 
| Z کو × ے‎ ine 6-64 0. $30 1 77 
| pe کڅوپرې‎ IBY (hb LHS 2,28 | 
| ^ Db b x کو‎ 19-3 16,0 2,90 2.08 
0.8 ENS ISL 20.1 23i 1,95 
LO /D × کو‎ IEF 24,2 3,03 188 ! 


Ó ÖZ o.u 2.l 2.37 ^D 


Xm) ۲ 
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Problem 9.57 [3] 


9,57 Repeat Problem 9.42, except that the air flow is now at 25 TT 
m/s (assume turbulent boundary-layer flow). — 50 cm 
— 
—— 
— 
: 50 cm 
— 
چا‎ 
> 50 cm 
— 
—>+ 
Given: Triangular plate 
Find: Drag 
Solution: 
: : Tw 0.0594 
Basic equations: Ce = J Cf = : 
2 
2 Re," 
3 i 
L- ME L = 0.433-cm W = 50-cm U = 25:— 
5 
5 m k 
From Table A.10 at 20°C v = 1.50x 10 ړا‎ p= 121% 
3 m 
; : U-L - : : 
First determine the nature of the boundary layer Rey, = — Rey, = 7217 so definitely still laminar, but we are 
E told to assume turbulent! 
L 
The drag (one side) is Fp = | Ty dA Fp = | Ty W(x) dx w(x) = w= 
0 
1 2 1 2 0.0594 
We also have Ty = Cp لاح لام‎ 
2 2 1 
5 
Re, 
L 
L 9 1 4 
1 W | 0.0594- 0.0594 5 W 5 5 
Hence Fp = Soil A ee didi rs x? dx 
2 L 1 2 1 0 
U-x a 
Y 
0 
L 
4 9 1 
E E 5 
5 B 
The integral is x? dx = TL so Fp = 0.0165-p-w.(1*y.u?) Fp = 4.57 x 10 3N 
0 
Note: For two-sided solution 2-Fp = 9.14 x 10 
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[3] 


25 cm 


HUHH 


so still laminar, but we are 
told to assume turbulent! 


x 
w(x) = ۳ 


Fp = 0.0267N 


2-Fp = 0.0534N 


L = 6.25.cm 


Rey = 1.04x 10° 


Problem 9.58 


9.58 Repeat Problem 9.44, except that the air flow is now at 25 
m/s (assume turbulent boundary-layer flow). 


Parabolic plate 


c Tw c, = 0.0594 
f 1 "m f D 
2 Re," 
w 2 
2 
W = 25-cm L= 
25-cm 


Drag 


Given: 
Find: 
Solution: 


Basic equations: 


Note: "y" is the equation of the upper and lower surfaces, so y = W/2 at x = L 


5 i 
— = 121.— 
S f 3 


v = 1.50x 10 


0 
ول مې‎ 1, U2 00594 
Re," 
L 
0.0594- E uen 
2 : 
Fp = —-p-U ۷ ———_ dx = 
D >? 1 
5 
xX 
0 
1 
5 


Fp = 0.0228-p:w-(v-.4.u9) 


Note: For two-sided solution 
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From Table A.10 at 20°C 


First determine the nature of the boundary layer 


The drag (one side) is 


We also have 


Hence 


[3] 


so turbulent 


Ep = 13.9N 


Frotal = 55.8N 


2-Frotal = 112N 


Problem 9.59 


9.59 Repeat Problem 9.46, except that the water flow is now at 4 
10 m/s (assume turbulent boundary-layer flow). وس‎ 
— 
— 
—— 
——» 
— 
—" 
— 
— 
— 
Given: Pattern of flat plates 
Find: Drag on separate and composite plates 
Solution: 
: : Tw 0.0594 
Basic equations: Ce = l Ce = a 
5 
Re, 
m 
For separate plates L = 7.5-cm W = 7.5-cm U = 10-— 
5 
6 m k 
From Table A.8 at 20°C — v = 101x10 9.2. p= 98. E 
: m 
; : U-L 5 
First determine the nature of the boundary layer Re, = — Rej, = 7.43 x 10 
Y 
L 
The drag (one side) is Fp = | Ty dA Fp = | Tw. W dx 
0 
1 2 1 2 0.0594 
We also have Tw = a eu = zeU : i 
5 
Re, 
L 
L 9 1 1 
1 0.0594 0.0594 5 5| 5 
Hence Fp = 5 Uwe ———— dx = PU -Wv -| x 
2 1 2 0 
U-x ə 
Y 
0 
L 
1 4 E 
em = 5 
5 4 
The integral is x 3 dx = = so Fp = 0.371-p:W-(vL u’) 
0 
This is the drag on one plate. The total drag is then Frotal = ^Fp 
For both sides: 
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For the composite plate L = 4x 7.5-cm L = 0.30m 


u| س‎ 


= لکن )م0251‎ = 42.3N 


FComposite FComposite 


For both sides: = 84.6N 


2-FComposite 


The drag is much lower on the composite compared to the separate plates. This is because ty is largest near the 
leading edges and falls off rapidly; in this problem the separate plates experience leading edges four times! 
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2 2 x T€, but Coo since »د‎ ae x0. 


Problem 9.60 


. / 
Given: Tucrbulent boundary layer torth Velocity, profile, m a *) ‘a « ? = ; 


Find: Expressions for e, Ce, asing 10418 TU. uw الو روصت ور‎ 27-727. 
Corin are worth roscclás of ' Y - power "profits, Sec Fran PEZ. 


Solution: The Morita Tun) integral eg Gain کل‎ 
, i 3 -00) E 5 
, pa FONT = کے‎ -I 2È 
Compunng equaton, s% lw = 2l pide, os f pudy 


Assumptions: (1) Fiat plate ,So U a constant and 2 = =0 
G) S 1s a funchan of x only; éx0 at A. nó 
E) Tncampressible Flous 


(4) Cu = 0. pee pe Cel) e 
Then 


ta = AR puo Er upudy = [pa tr od 
or 
= pu CI- la = م رام‎ 


mes A, 
t 7 
7 H, b lo 5 E ۸ 
کس - واو د وسو > م‎ 
Subs Trung 
L 
4.0253 puras)" RU ERA or ag" = AA 


Tategrahng په وج‎ bores 
E = 


Fig 
Thus 5 0.0233 0 vie, $ 
١ چا‎ Geop (Js Ez) = 6.353 (43% x 


ane t 


» وو‎ = 0:353 
Ux 


NI 
l 


Crey} E E 
Aso 


tu 0.0233 pur ds y ر‎ 
G = سد‎ = = 0.0466) —— ) "2| 
ieu teo- a (5) 


come ayt Miei 


u 


Cy = 2 Ld " 
(Rex ) 
H p» 
Comparing! " Y (Rex) CAGAN 
Y, - power 0.353 0.0008 
سوا‎ POE é. 392 2. o5 
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42-981 S50 SHEETS د‎ GUAE 
2 382 ICH SIIECTS 5 SQUARE 
42-300 200 SHEETS د‎ SQUARE 


42 


4 
A 
سف‎ toa A 


Problem 9.61 [3] . 
Gita: Turbulent boundary- layer Flow of water, ¿power profite, 


eg کلم(« لځ‎ cdi Flow dondrhons af | 
U Po Mr Example Problem 4.4. 
pu Lzim | 


Find: (a) Expression ter tht ratio, §/x 
(b) Expression Pr the skia fyichon cotfficitat, Ce. 
(€) Evaluate Eh far the نه لال وتفه‎ Shown. 


Solution : Apply the momentum integra! ¿qua hen. 
Computing equathon: Tu * ve > prs م‎ ad (9.0) 


Assumphons: (1) Fiat plate, مد‎ U= constant and =P -0 
(e) £ = Six) Only, 6*0 at x v0 
دق‎ Tacompress ite Flow 4 
) 


(4) Wan shearcorrelahon, Tw = 0,0233 ۹ (en (9.15) 


DUE LEL یو‎ as ~ z 2-2 adn = f aea dn; 2 aag 


= b. 6 2 ُ6)(-56( _ |4 
e ود سور‎ J = ST A = 007 


Substitatiag info the MIE, 


: 
0.0233 لم‎ x. y = pu* se (0.107) or & ^ d = 0.28 (5) 9 ox, 


Integratiag, £s = 1.213 x FC, bute -0, Sine Slo) 20. 
1 0 
Q (d é ~) Ye ie 0.353 
£. = 0,333 / ۱ په‎ = : 5 
x (5) (Re) FIN X 
P " 
Lg . = 2j 4 pom (y 7X * 
: n Fev Gn. 0.0۷ 7. NES 
Ux y 4 dor 
(, = Odie [D y و بت‎ Ay -] ee 
pr Cox) 0,353 (Kex) 5 | Ce 
The drag free ځا‎ Fo Ee Tu bd =f 0er teu? یا‎ -E d 
[^ Lu x o , 2) T) x ya 
ړر‎ L را‎ 
Fo = 0.0012 Leu?) اه‎ x "dx = 00765 PEU LLG) 
o 
-D.0165 994 k imt jm, imf] he Ns EY 2 
Fo ——— Es C mt x Pm, m s) un 1 
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E 


۳ 
^. 


equation 3 


Problem 9.62 
Gwen; Turbulent boundary layer with velocity profile, 5 an %. 


Find: Expressions fer She, Cp, teasing MOMENTUM JA tegra. / 
Compare anth results of "7, - power” profile, Section 0 


Solution: The momentum integra! دم پوه‎ 1s 


7 3 
: ela à .2 2 
Computing egeat . -é E - tio a) (pode -u 3 rudy 
ASS cmp hon sS: (t) Flat platt, so Ux constont any E «=o 
Dis ateanchen of غه‎ only; د‎ #0 ot xy =0 
(3) Incompress ible fio 


(4) Tu) = 0.0233 pU ous)“ 
Then 


tw VÈ وسر‎ -f upud opos | ود-0‎ PO 
Eve aa hg p, 

^ TELT y %) dn [n ™-£ y^] 4, 4. 
Subst tating, 


pa ¿ 
0.0233 PULG)" puts or 5 ول"‎ = Pg) ۶ 


Tntegrahag بک‎ L ۱ 
ÉS t= E (a M T€, bct C 20,506 S79 غه‎ x=0. | 
vj : 
eee 5 [& که‎ 0.0233 jt x] EET ji i: 
“GF (5) 
and 
£ رد ې‎ £ 
AAA  _  _— a A TT 
A50 
7 0,0233 PU 8 
Gs LAC = poob (75 j* Ge) يو‎ 
Z PO ipu* 
i fly 
S ACTO کر(‎ a posa j 
4 1 ۵.14) ( (ê) vx) E (Rex, ys f 
li M ——————M——- 
Comparing: | 5 ie ٢ 
Profite x REx) Ce (Rex) 
/ 
^ POLIT ۵ وبا‎ Obl 
و‎ PONES 3 DA 0.058 FF 
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Problem 9.63 


Wesen ons QN Sue AA, مع‎ SON و © ند هی فا‎ ٢ 
B d cr PESCE T vadai. 


Quer fre Asus owr )یسو‎ Ah as meen SAR = on | 
ده‎ m wes ^ A. Nene WePBo eus n x. | 
Nasa qe لا‎ NE سلو‎ . pee & | 
-—7 
m AA ٣٢ 
Find cas E ex. GAL " MN که‎ ARM — A, i 
eo مې د.د اد‎ DBA 4440. Le \ SR | 
| | E oue. سال م‎ DAA | 
Cors RS eq y oS che um We ELT * Le Rens | 
: CN Aani ard. ar Qc VS ° | 
: e Y | 
= S PEE LT : 
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Problem 9.64 Bre 


Cx aussi غه‎ A SXoa d oue d. C Au xen Nos که‎ NO NS CST o. | 
Qo ote. | 


Esas b and e p — eC 
Los ٢1 cs dip Wi icr ee ES 
کل‎ EE Se sos 3 MA ROWE Ree f 


E Lowes ano ES Wao 


Compa ez WOE : څک‎ 2M & ٧ aut 
al Naan ورت سب‎ 
z NE * د هه‎ 


1 


Foe Som Su > ee Raw , ما سلا‎ ee e Mae ay 
| SN es | usas & fs 


a Rey WS = 2 « ا‎ EES j 
pm Kornas Aed 
= ENA SA == SUME Ne EN A Sato = e e2. YN, SK El 
S AN Te ( cut y —— بل‎ 
Vee. Mo کي لوي‎ 
| M F Ma مد خم‎ : 
| Es PS — w T mms ee pie هغ‎ 2 NS CN 
| i9 VE مال‎ 
| H 
| چک‎ y Vera a ord ¿0 QW L2 .ن‎ sl اې‎ 
Sl کې‎ “E AR Ew w VS سن‎ 


Cx QBECH ے‎ DMAA a ١ 
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| Es | 
| sp ۷ ور‎ aa, « wos Ta "ne SN qud mS " OPA wl S & | 
E پک‎ Tana E , X^ NA 

| Y خو‎ Tease Xam 

A‏ وټ 
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Problem 9.65. [3] 


Given! Tncomp ress ible How pf air ade A plane-uatt کد دنال‎ 
Diffuser wats diverge stightty to accommodate the boundary 
o layer development, So there IS No Pressure gradient, ASSUME 
fiat plate boundary Ayer development. . 


CD 65 pases £5 © پک‎ @ aan Qur 


Find: (a) Explain why Bern ou IH زا‎ ıS applicable to this Flow. 
| Cb) Exit width) Wa. 


Solution + The Bernoulli equation may be agphed along a Stream tne 

n any Steady, ¡nompopressible Flow in the absence of Friction, 
The gien flow /s steady and incompressible, Frictional effects Are 
له موه‎ to the thin watt dota nota ry lay chos. Therefore ihe په دم۸خصھ‎ ue 
equation may be applied along any Streamline the Core fieu حا که هه‎ 
the boundary layers. CSince there /5 no STEAMA Curvature, the pressure 
/$ uniform Gross sections (D) ana © 2 

001) 


Base equatrons: O -21 T eX لم‎ EV T 
XO ې‎ 08 
2 Y +35 E A اوو‎ 

Assumptions: (1) مه6 6ک‎ flow 

@) Turbulent , i Yy- power boundary loyer from EOtrane 

G 3, E 

(4) 4o س‎ 
Then from "د دی‎ v هد‎ ٨ ار‎ Gad From continuity, 


O= Eleva, 1) + ٨ AL, eft /] or A, ett = (plz - Zh," Jo = ۸۵ 


Use the Analysis of Sechon 9-52: د‎ 0.378: pp Ea 2 


Re, 2 Hg a Ke, "s 
Ke, = (UE - Vez tom, bem $ = 4, 03 X109; Es = 0.0175 
L e Y CS x 146x105 m7 + 
Or E= 01017 L «00H ) 1.2m = 0,0208 m, or 1 eos و‎ É dy ر‎ So 
i 
(i d / A 
EL د‎ EL AZ < Ef” jan = Sl £2 tH] = = 2.63 mm 
Thea buy z lu ې‎ 2 = 95 river} T 22 l1 nm pu So 3 pa rri Wiz 
i 2 " 


IE ————— oe 


3 
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Problem 9.66 B 
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(mos Ex NS > = BAU mex EN 
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=> p EEN SOS مده‎ Gy NS 


¢ اک‎ ES Mu 
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1 O SHEETS 5 SQUARE 
SHEETS 3 5QUARE 
200 SHEETS F SQUARE 


Problem 7 


Given: Small |۵ ٥ي‎ wind tunnels with Sguace test sections. 


U-=26.)m —- ار تسا‎ | | Hox 3a5 m 
5 
4 E 
Ae 
d, * 12.2 mm dı اص‎ Odes 


Boundary layers are turbidiet wrth Y "power ve locity profiles. 


Find: (A) Change ld static pressure tefween T) ana ©, 
lb) Esh mate of otstance L, 


JSoladen: For a هسو -ې(/ا‎ profile in the turbulent: boundary lager á ۷/7 
Therefore S* = 12.2/% =153 mm and SF = lho le = 2.08 men. 
App iy tonservarion pf mass: UA, = U, A; A= را‎ - 7 


¡E "s 2(552) 


] ~ L00233U, 
405 —?(2z,0] 


Prorn Bernoulli (fev stacy, incon pressible, javistid floy Along astrtambine), 
7 y” + 2 
چم‎ Te Pb * FOU) -FE w] 
= - Lyh a وسر ار‎ "T 1 
Foc A turbutent boundary yt 9ل ک‎ 2 . 635 , % 
^X Re 25 ( Ux ) usc eus 673 Es Au 
Hus § = 6.382 7r] ur x 7s or E $ Shy Hh 
G 5 G 391 E) " 


For Standard air V= |b ک هرب‎ es zie A10), Thus 


tA 
| MESE Iim, 5 S ۹ 
-) 5 38: juxia Srm* تد و‎ 


0.0 AVM >, amy ك‎ o 7^ 
xar ake) ( ux * Cup i7 =a) 2 097 پور‎ 


Then 


Ln - M7, = (05927 پو بارن-‎ In = (0.223 ri pr 723 rn | biz 


Note that b Significant hgures wet مميت‎ in the factor 1100733 50 | 
that 3 ىل نس‎ remain in. LOO123 7| = 01733, 


ص 
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adr in Li BA 


FILLER u SQUARE 


MY) SHEETS 
42-380 INQAEGYCLED WHITE 555٤ 


42-38 — JU SHEETS 
42398 نع دن عوضوخد‎ WHITE 5 SQUARE 


[3] 


Problem 9.68 


9.68 Air flows in a cylindrical duct of diameter D = 150 mm. 
At section D, the turbulent boundary layer is of thickness 6; = 
10 mm, and the velocity in the inviscid central core is U, = 25 
m/s. Further downstream, at section O, the boundary layer is of 
thickness 62 = 30 mm. The velocity profile in the boundary layer 
is approximated well by the 1 power expression. Find the velocity, 
U», in the inviscid central core at the second section, and the pres- 
sure drop between the two sections. Does the magnitude of the 
pressure drop indicate that we are justified in approximating the 
flow between sections 0 and Q) as one with zero pressure 
gradient? Estimate the length of duct between sections (D and O) 
Estimate the distance downstream from section (D at which the 
boundary-layer thickness is 6 — 20 mm. 


Given: Data on flow in a duct 
Find: Velocity at location 2; pressure drop; length of duct; position at which boundary layer is 20 mm 
Solution: 
The given data is D = 150-mm 6, = 70 85 = 30-mm Ui = 25.2 
5 
k 5 m 
Table A.10 حم‎ 123: v = 145x10 se 
- 5 
Governing equations 
af SEINS. 
— dV. V-dA= 2 
Mass ot Jev? idis: Ja? AZN (4.12) 
In the boundary layer : = nm (9.26) 
x 
Re, : 
In the the inviscid core, the Bernoulli equation holds 
2 
V 
P + — + gz = constant (4.24) 
p 2 
Assumptions: (1) Steady flow (2) No body force (gravity) in x direction 
For a 1/7-power law profile, from Example 9.4 the displacement thickness is Sdisp = > 
: 
Hence Sdisp1 = T Sdisp1 = 1.25mm 
52 
Sdisp2 = 8 Sdisp2 = 3.75mm 


From the definition of the displacement thickness, to compute the flow rate, the uniform flow at locations 1 and 2 is 


assumed to take place in the entire duct, minus the displacement thicknesses 


7 2 2 
Ay = PI m 28 disp1) A, = 0.0171m 
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T 


2 2 
A274 (D - 2-8 disp2) A» = 0.0159m 


Mass conservation (Eq. 4.12) leads to Up 


Ay m 

-p.U د‎ + (pU A5) = 0 or U> = Uy: — U) = 26.8— 

( هم‎ 22 2 1 Aj 2 a 
The Bernoulli equation applied between locations 1 and 2 is 

Pı Ui P2 ولا‎ 

p 2 p 2 
or the pressure drop is p4 — pp = Ap = Los - uy) Ap = 56.9Pa (Depends on p value selected) 

2 


The static pressure falls continuously in the entrance region as the fluid in the central core accelerates into a decreasing core. 


If we assume the stagnation pressure is atmospheric, a change in pressure of about 60 Pa is not significant; in addition, the velocity change: 
about 5%, again not a large change to within engineering accuracy 


To compute distances corresponding to boundary layer thicknesses, rearrange Eq.9.26 


5 1 
$ Y (uy 
x =|— =] | xi = 0.382m 
0.382 v 
5 1 
à) Y (ua 
X) = | —— | سا‎ X5 = 1.533m 
2 (0382) (v 2 
X2 ¬ x1 = 1.15m (Depends on v value selected) 
53 
For location 3 63 = 20.mm Sdisp3 = E Sdisp3 = 2.5mm 
T 2 2 
Az = ui - 2-3disp3) Az = 0.017m 
A 
1 
U3 = Up — U3 = 25.9— 
A3 8 
5 1 
3ة‎ 0) 
X3 = |——]| سا‎ X3 = 0.923m 
0.382 v 
X3 — x1 = 0.542m (Depends on v value selected) 
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[3] 


x = 2000-mi 


BTU 


ton: mi 


= 17.8 


U s 
S 


ship 


e 


(Power consumed by drag) 


= 1.86 x 10^ hp 


kg 


m 


Pprop 
= 2.23 ofh 
Py = 2.23 x 10 hp 
BTU 
Q = 1.42 x 108 
r 
t = 134hr 


Quia] = 1.9 x 10° BTU 


9 
Mani = 1-42 x 10” Ib 


9 
Mọ ij = 1.06 10° Ib 


E = 2.13 x 10 BTU 
Qtotal 
ota! _ 0.089% 
: Qtotal 
ship ^ 
b MoirX 


L = 360m B-70m D-25m p= TUS 


Problem 9.69 


9.69 Perform a cost-effectiveness analysis on a typical large tan- 
ker used for transporting petroleum. Determine, as a percentage of 
the petroleum cargo, the amount of petroleum that is consumed in 
traveling a distance of 2000 miles. Use data from Example 9.5, and 
the following: Assume the petroleum cargo constitutes 75% of the 
total weight, the propeller efficiency is 70%, the wave drag and 
power to run auxiliary equipment constitute losses equivalent to an 
additional 20%, the engines have a thermal efficiency of 40%, and 
the petroleum energy is 20,000 Btu/Ibm. Also compare the perform- 
ance of this tanker to that of the Alaskan Pipeline, which requires 
about 120 Btu of energy for each ton-mile of petroleum delivery. 


Given: Data on a large tanker 
Find: Cost effectiveness of tanker; compare to Alaska pipeline 
Solution: 


The given data is 


9.7.MW P = 1.30x 10^hp 


FU 
Il 


P 


The power to the propeller is Porop = 7 


The shaft power is Ps = 120% Porop 
The efficiency of the engines is n = 40-96 
Ps 
Hence the heat supplied to the engines is Q == 
n 
: ae x 
The journey time is t=— 
U 
The total energy consumed is Quoi] = Qt 


From buoyancy the total ship weight equals the displaced seawater volume 


Mship'8 = p-g-L-B-D Mghip = p-L-B-D 
Hence the mass of oil is Moi = 75% Mghip 
The chemical energy stored in the petroleum is q= 20000. = 
The total chemical energy is E = q Mai 


The equivalent percentage of petroleum cargo used is then 


BTU 


but for the ship 
ton: mi 


= 120- 


The Alaska pipeline uses pipeline 


The ship uses only about 15% of the energy of the pipeline! 
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| 
سو‎ 
CG 
N 


| 
2 
G 
N 


(1) 


(2) 


(3) 


(4) 


mf 


mf 


mf 


Problem 9.70 


9.70 Consider the linear, sinusoidal, and parabolic laminar 
boundary-layer approximations of Problem 9.10. Compare the 
momentum fluxes of these profiles. Which is most likely to separ- 
ate first when encountering an adverse pressure gradient? 


Linear, sinusoidal and parabolic velocity profiles 


u = Uf) y= oq 
2 j 2 
mf = نا م‎ &[ f(m) dn 
0 
1 
mf = ZI n an 
0 
1 
2 7 : 
mf = 0۰1۰ an En) dn 
0 
! 2 
2 2 
mf = p-U =| [2-9 - v] dn 
0 


Given: 


Find: 


Momentum fluxes 


Solution: 


The momentum flux is given by 


where w is the width of the boundary layer 


For a linear velocity profile 


For a sinusoidal velocity profile 


For a parabolic velocity profile 


For each of these 


Using these in the momentum flux equation 


For the linear profile Eqs. 1 and 4 give 


For the sinusoidal profile Eqs. 2 and 4 give 


For the parabolic profile Eqs. 3 and 4 give 


The linear profile has the smallest momentum, so would be most likely to separate 
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Problem 1 [4] 


9.71 Table 9.1 shows the numerical results obtained from Blas- 
ius exact solution of the laminar boundary-layer equations. Plot 
the velocity distribution (note that from Eq. 9.13 we see that 
y = 5.05. On the same graph, plot the turbulent velocity distri- 
bution given by the 1-power expression of Eq. 9.24. Which is 
most likely to separate first when encountering an adverse pres- 
sure gradient? To justify your answer, compare the momentum 
fluxes of these profiles (the laminar data can be integrated using a 
numerical method such as Simpson's rule). 


Given: Laminar (Blasius) and turbulent (1/7 - power) velocity distributions 


Find: Plot of distributions; momentum fluxes 


Solution: 
ô 
The momentum flux is given by mf | pa dy per unit width of the boundary layer 
0 
: um u y 
Using the substitutions = = f(y) A -1 
1 
the momentum flux becomes mf = puts] ty dn 
0 


For the Blasius solution a numerical evaluation (a Simpson's rule) of the integral is needed 


—M—— 


where An is the step size and N the number of steps 
The result for the Blasius profile is Ma = م0525‎ 


1 
2 


For a 1/7 power velocity profile ې‎ = poss. n dn mfb = و د‎ 
0 


The laminar boundary has less momentum, so will separate first when encountering an adverse pressure gradient 
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Computed results: 


Mn. 9.1) (Simpsons = 


/8 = Turbulent 
y n wU 


oo | 099 


Laminar and Turbulent Boundary Layer 
Velocity Profiles 


1.0 4 
0.8 4 
ps 0.5 - Laminar 
- - - Turbulent , * 

0.3 4 JT 

3 i 

0.0 سم اص و‎ ———— pu. m m m m m m mm m umm یې‎ - T7 
0 0.25 0.5 0.75 1 


u/U 
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Problem 9.72 


Caen: ده ییا‎ Que NN عمعی که‎ Ob Jaossa ې‎ 
| ke Bren No “eae ag ase یکن‎ nao sr of mas 
and ecos Kunda 


XV « ian څې‎ Eos AL SOONG ی‎ Nu. 
Assex مک‎ KÄ مک شوه‎ US ow 
ELA A شه‎ AON as 
5 MS CEES Len S90 
Se^ e Cr m Combos 


SSA «S eS Sx = 
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= ex ES ووا‎ Se ASE 
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ښک سلوي اا‎ qe Ya Mene. ex e 
ESE and sa, ۸ د‎ ales Sas Ve. AR. ond 


Ae ve sure «€x CON Be Berrea‏ یا 


qe MORS cena, $ 
Ex We ys const REO | " 
QV Aem pounder S < wat eres añora Me 
هموک‎ wos o «S EN oo SA 
o ES E d ېخي دي - الو داز‎ GLE e ما‎ Qa 


Carias PURO CX AN. ناش‎ O amd eu 
SUSE. ua RN یڅه‎ an 


OS ® XS ACC Seo Sc. Ag دا ووغه‎ S SAC. 
WCE EOS : Aas TREN که‎ E SOS 
Vene \ Gad SA. Bv ^ \S SM an 
Ba Cee E دنا‎ LE Tae oe On Cex EE : 


"Nee. ORE od vM ox. Ne Sá AR له‎ QVESSATE - 
Mu pre RS: Ke 
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Part 1/2: 


| Problem 9.73 _ [3]. 
Gwen! Laminar boundary Mtg er tarth elol tag pofre j 


ك 3 ¿ شا 
CC à y c 1 =‏ سلپ CL‏ = 
Y 7) 7) 7 7 á‏ 


Separa hen Kurs when Tw becomes 3e^v. 


Find: @) Four boundary conditions fre this laminar velat Brot ke. 
(b) Evateatt Constants a, 6, c and d. | 
(C) Ca fec late shape Diar eden H, a Separate n. | 


Flr; Prof? e arl can pears Lale Fa parábola. 
Solution: The profite shape toi! be: Y (Po 


Boundary condiheas are! 


Y =0; “FO and Tzu dE ae 30 j y ed! (Lh مت‎ and Tr d Zi ec 
Applying boLcn ele cc E un 
du. ue lie) 1 | 

ag‏ ۵= ط = 3en*‏ + اځ CR y = (b+‏ = سب 
Ht SCV) Jy =۵ |‏ ( 9 مل د dy‏ 
m -= e 3 : = |‏ هد = A‏ = 
ys: 7 A = | =en tday) ٢ atd |‏ 
i d (4 7 1‏ 
| اڭ ٢٢ te»‏ و wa =O = (Zen‏ | 
Solving |‏ 
CS | dc‏ 4 = توک dzi-c 5 ¿€ +3(01-C) TE E,‏ 
E‏ | غه ېخ PESE‏ په وسو هې 
| ——- 
| مک ,= M = dé" lb‏ کر -*859 ول The velocity profile Is‏ 
LN SO |‏ ام a.‏ 
E, x =$ a — 3y? t 293 jc -h - n” a] =4‏ 7 2207 $ 
e a ap Hi‏ 
Eli Ej] (3x2 - 93 1-8 + 293) hy‏ 2 $ 
En == Ty ERA ~ $y) a‏ = 
Ee aee tee Je ! |‏ 
-4n s] tg a ae e |‏ ]= ج 
Thus i | |‏ 
H = ae 2 = 2 X = 3.87 2 B‏ 
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Problem 3 | [3] Part2/2 | 


۸م 
Fiat plate: ai‏ هه i‏ 


e 


ti ng:‏ همه د دک 


N 
i 
1 
1 
Ne 


مځ ما 
g = e 1.00‏ 1.00 
OTIL 0.5590‏ 
60 0.4 0.636 
9.010 0.784 
Puo |‏ د 0.648 
D. SD | Aso ٢‏ 
D BSZ d ot‏ 
ó. Lit x E |‏ 
 : |‏ 0.360 0.105 
٢‏ 0.14 ۸.87 


| 
iL 
| IÓN 


` 


- 


Doce S OR 
<p WT 1 dJ 50 


ic 7 | 
383 ات‎ | 08 | | 
i | | | | 
i 
i i 
: j | 
0.6 
; ! | 
| | n-yi8 | | 
i i : 
i i i 
i i i 
| | 
f i 
| i Parabolic | 
| | | | 
i i | | 
: i i 
| | | | 
: | 
0 0.2 0.4 0.6 0.8 1 | 
i i 
u/U or u/u, i 
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Problem 4 [dps 


Open-Ended Problem Statement: For flow over a flat plate with zero pressure gradient, will 
the shear stress increase, decrease, or remain constant along the plate? Justify your answer. 
Does the momentum flux increase, decrease, or remain constant as the flow proceeds along 
the plate? Justify your answer. Compare the behavior of laminar flow and turbulent flow 
(both from the leading edge) over a flat plate. At a given distance from the leading edge, 
which flow will have the larger boundary-layer thickness? Does your answer depend on the 
distance along the plate? How would you justify your answer? 


Discussion: Shear stress decreases along the plate because the freestream flow speed remains 
constant while the boundary-layer thickness increases. 


The momentum flux decreases as the flow proceeds along the plate. Momentum thickness 0 
(actually proportional to the defect in momentum within the boundary layer) increases, showing 
that momentum flux decreases. The force that must be applied to hold the plate stationary 
reduces the momentum flux of the stream and boundary layer. 


The laminar boundary layer has less shear stress than the turbulent boundary layer. Therefore 
laminar boundary-layer flow from the leading edge produces a thinner boundary layer and less 
shear stress everywhere along the plate than a turbulent boundary layer from the leading edge. 


Since both boundary layers continue to grow with increasing distance from the leading edge, and 
the turbulent boundary layer continues to grow more rapidly because of its higher shear stress, 
this comparison will be the same no matter the distance from the leading edge. 
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a‏ يخ يه يخ لو نم 


Problem 9.75 


9.75 Cooling air is supplied through the wide, flat channel ggg 


Flow چا‎ 


| 
h=15 cm 
© 8 


shown. For minimum noise and disturbance of the outlet flow, 
laminar boundary layers must be maintained on the channel walls. 
Estimate the maximum inlet flow speed at which the outlet flow 
will be laminar. Assuming parabolic velocity profiles in the lami- 
nar boundary layers, evaluate the pressure drop, p, — p». Express 


your answer in inches of water. 


p(..2 2 
Ap = ړم‎ = p2 = P (v; =v] 


Ah = 0.00370in 


Given: Channel flow with laminar boundary layers 
Find: Maximum inlet speed for laminar exit; Pressure drop for parabolic velocity in boundary layers 
Solution: 
2 
5.48 
Basic equations: Retrans = 2% 10° 2 = Py L + g:z = const 
x [Rey 2 
Assumptions: 1) Steady flow 2) Incompressible 3) z = constant 
2 
-5m kg 
From Table A.10 at 20°C v = 1.50x 10 راه‎ p= tele L = 3-m h = 15-cm 
3 m 
U -L Re V 
t 
Then Renans = —— Umax = —— Umax = 250— Uj =Umax Uy = 250— 
Y 5 5 
5.48 
For Retrans = 5 X 10° 85 = L.———— 85 = 0.0232m 
y Rftrans 
1 1 
: : disp u 2 1 ! ; : 
For a parabolic profile دد‎ 1--٨۸ 1- 2.۸ ۳ ۸ [d^ = E where Strang is the displacement thickness 
U 
0 
0 
1 
E h m 
From continuity U,w:hz- Uy w:(h= 2-8 disp2) Uy = Up — — U) = 2.79— 
h- 28 disp2 5 


Since the boundary layers do not meet Bernoulli applies in the core 


Ap = و‎ uy’) Ap = 0.922Pa 
From hydrostatics A Ah with = 1000 kg 
y P = PH20'8 PH20 = 5 
m 
A 
Ao Ah = 0.0940mm 
PH20'8 
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Problem 9.76 [5] Part 1/2 


Gurren: Sa, ree تب‎ > TOSS Se clio ها‎ FM B05 en. 
TA کنا‎ al secon © AS. 24.5 vs $ = Las may 
wr a * Ay > Panes ES EA gre 


AN q 

HO -onas SE i n T 

TUM RW | 9 

Poda صصشیشی‎ ın Goo aseo. D == L 
be A 


Cox d.‏ دې 
Mo dela ox ©.‏ 
uo eoe. e e 2‏ 


SAA Lorn MOS, GEN ندعم‎ es A Nee Miro eqs : 


S Y 4 
Conga we e SRI مهو دمه‎ 
S N J ‘hy 
w= = په لو‎ y 
e 3 ex 0.03 St 
Tassu 3S ees t Wis د‎ 
a BQ york x Sas eade. 
ON Qus 
g à یلا‎ ps Ay 
ee, Ge um C Us Nas = me د‎ i 
i g? = i A Ses Z ULE ېټ‎ 


+ + D E 
l 2.3 ( _ Mr NERÎN e: 
area eduin: Go XY Ry : 305 wem |^ 


Gren redudas - OAS Lo AA 


z SEES‏ څه 

¢ 3 کا 3 5- د‎ 
X= DORA <o cama] SON A نر لل‎ 

۳ ونآ‎ s asa” NEMESIS 

چب 


SU 2.00 2a. A mum 


z 1 
A 
e Sb- Saad: i SESS AV Ex A. 
Aa A i 
Gc SE MEE IBDN = GO js 
١ 
So xí ٩ 
= Br hh. x P 
E تا‎ X NUTS pt es 
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: Part 2/2 


te نه‎ ES E 


Ge O39) yes 
AK, 


a ay Cen eR à i > ^ 


Problem 9.76 


“hes, ge Sue 
١۸ ته‎ a 
< څه‎ m 


لم OMS‏ که د 


"O نتا په څخه‎ 
ÍA YS DO A 


^" لک ودد - Dow‏ = 


"OW v 


= c.ooda ټټام‎ 


de = o noti - «3 o 


An 
dela = A AA Ae 


ds, 
Bye By RN Oh 


= QUAM د‎ Obra OIEA 
x" 


Dd, Y LAO vn | Ge 
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SHEETS 5 SQUARE‏ ناد 
5QUARE‏ د D SHEETS‏ 


E 
D SHEETS 3 SQUARE 


a 
ri 
MATO NA 


Problem 9.77 [5] Part 1/2 | 


Groen: Wind tuantl borth movable top wall, 


| A+ net + U, = WS m/s 


S = 4S mm 


Y, 


W =30S rn 


ASSUME h- power hs 
turbulent Bl 


] á = Constant 


Find: la) Velocity distribution fo make § "const, (a) AA) fra D foL. | 


` Solution: Caleniak required pressure gradient (dp Lis - PU Gy) do | 
the momtinhem ٧٢و‎ raj equus tioo, ther IMtgrade fà | 
hnd UX), Use Dorta tty Yo solve fer hi): | 

| 


| " زېه)م-‎ 
Compt ing £2 ua hons ES v + (H+) È (d.t) 
=p! 
»- i] لم‎ a 


| 
: ay | 
"Assum prods: (1) Steady Holy HR | 


(2) Taco press thle Flota 0 
(3) Laiferm Flew outside El 
(4) Constant Bl Thickness: | 

"= $5 and 2= di aos PEE pouer profik 


Then fmm the monen team integral equated 


To ife gre t€, lu must make مه‎ asiienmpñios about Tu. 


| Case li Assume Tw * Constant, ant earrapat 


Duis “Gav = | 
8 q zeia 
2 Ls N 
fr 2 Z OD LH 
Integra ^g, 3 U Je ZB (H32) e 0F ae zt poca | 
U a Ztw X n i zs [+ EA m ak UC) 
aie eU i ETS ! 


| Case 2: Asstemt Tu E constant | 
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Problem 9.77 [5] Part 2/2 


Then Tw? 0.0233 د‎ (Eg. 3.25) | 


Shins HANG And د‎ 9 
Te ۷ Me] 2 & dU . | 
pee 0.0733 (2) LT (Hte) خو‎ SE | 

: or z 

| dU = 0.033 (2 D$ dx 

pons ó^ (Hit) 


| 1160/2709 ربا‎ “f= SY 222ر‎ (X) E, | 
+Ë | 


L X. [* | Ub‏ 0.00582 از ند 
Pr. [is (33) boni i‏ 


From دا و‎ UA, = UA ~ e (w,- 25,0, -28,9) =U (wis 0h 267) 


= —- 


H-z ٠ U.^ cgo 255 


* شو 
Thus ALA, S Aw hela _ YU E 8 a 26) : |‏ 
| 


E = l- LJ rE + 24% 


A, 


| i 
| Evaluathng: S, ~ 9/729 mm, Ei 75,7 Lt mm, & = 2. = 0.448 mm 


J: ~ f z3 2 e Nig | 
at Ui = p E x + DIU dores - SbF Aim? i 
E "T : THE EU ad — a, 4 
Kes, = wc anit < 1 Doo dir exer Sy bur xg 


| Ce = و۵9‎ Res” 


= 0.0466(0.0883) = 0.004H | 


Plat results! 


Top 
«Height, 

| سک‎ 
h (x) 


| fmm) 


£85 


Ó 55 120 IS) eoo 22 دوک‎ 


Distance along Fennel, x (mm) 
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Problem 9.78 191 ooo 


Given: Starter l319g hn on Bonneville land speed record نک‎ 


4=43Y4omM e 
| F 


V 560 ٨ — |: z 
۴ | H 20.183 m 


m 
لم‎ e ^ 


Find: (A) Evaluate Re, 
(4) Location of Xe ۱ l l 
€) Power do overcome Skin Friction drag oa fin. 


Soluhen: Assume standard atmasphere, so T2274 K, Ploy = 7 
(Table A.3); y afixo E k3 lms (Table A.) ( Then 


Ke, a VE „0.71.23 kA „ SvoxioSm : LeS m, mes : hr 
rdi ms hr Lixo Ekg 35005 


Ke, = LSS "ET Ke, 
Assumt transition pass at Rex» = £00,000, Then 
x K£x 4 = 590,000 es 
سا‎ z Ke, LES x07 - 4:08 
la Ice late drag چو چا‎ lasing O5 from Fig. 9.8! Fp =C 4 Lev? 
Cy = 0.0024 (Fig. $9); A = ZLH = ly 105 m, DES m» 2.94 m2 (2 Sides) 
L out a Lu FTULE (9 (aboxioSm he VN y 
zV * 3x w prios Jn 6 N Jm} 
Fp = 0.0027, 2.07 m*, L3ixio "AJ w TEA N (Shin د و چا‎ aras on fa) 
, : m? 
The power requires is 
P= yy = 8.4 N, Sooxo3 m... hc WS . 15,3 kW P 
hf 3005 Mim 


Check using £9. 9.376: 


This 15 Sleghtty less than trom the graph, but reasonable ۳ 
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ara 
me 
Au qc ymo 


[3] 


A = 5.625 x10 "m 


Rey = 7.43 x 10° so use Eq. 9.34 


Frotal 7۹ 


2-Frota] = 11.2N 


A = 0.0225 m? 


Rej, = 2.97 x 10° so use Eq. 9.34 


2-Fp = 8.46N 


Problem 9.79 


— 
— 
ات‎ 
سیا‎ 
— 
— 
— 
— 
— 
— 
— 
— 
W = 75cm A= W-L 
k 
= 998. “8 
3 
m 
V-L 
Rey = — 
L v 
Cp = 0.00497 
Fp = 7 
FTotal = ^Fp 
For both sides: 
L = 0.300m A-WL 
V-L 
Rey = — 
L v 
Cp = 0.00377 
Fp = 4.2318 For both sides: 


9.79 Repeat Problem 9.46, except that the water flow is now at 


10 m/s (use formulas for Cp from Section 9-7). 


5 


Given: Pattern of flat plates 
Find: Drag on separate and composite plates 
Solution: 
FD 

Basic equations: Cp = ———— 

1 2 

=.9-VOA 

2 p 
For separate plates L = 7.5-cm 

2 
-6m 

From Table A.8 at 20°C v =1.01x10 .— 


First determine the Reynolds number 


The drag (one side) is then Fp = Cp p. VA 


L-24x7.5cm 


This is the drag on one plate. The total drag is then 


For the composite plate 


First determine the Reylolds number 


0.0742 


Rer. 


Cp = 


The drag (one side) is then Fp = Cp VÍA 


The drag is much lower on the composite compared to the separate plates. This is because ty is largest near the 


leading edges and falls off rapidly; in this problem the separate plates experience leading edges four times! 
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Problem 9.80 BI o 


٠ 


- 1649 (4,315) 


Given: TOcoboad mode} ه‎ 1:718. Stole to be tested m fou g tank. 
Dimensions are: 
Length , ٧۱١١ fh i Beam, 3.0 e; Drath, 0.62 Ae 


Model displacement in fresh water 15 /200 If. 


Find: (A) Estimate average length of Luetted surface on hell. 
(6) Skin fichon dreg ree 0n Pro foot at Yzf mob, 


| ١ Represent the focoboa s? 050 rectangular Solid of fengty,©, ust th 


Me displacement of ther boar, From buoyancy, 


PE‏ 5 / ۳ = = رما 
fG o r E 25‏ وم 
ft? dem sv ode‏ — د 200[ = دا 


Á‏ وس 
t‏ 9.46 = و وم blag E Blity ES‏ 1.94 
For the omftype,‏ 


Le و‎ 3S Üm و‎ BA PPO = 134 £ 


The Reynolds nyumber is y Cabre 4,7) 


Ke, = Vk = Pmi x (894 f. کا‎ - e E L Lub xual (T= 68°F) 
UEG mt Spon 3 .” 


Thus flow 5 Predo minor tl turbulent, Apply tarb utent fou Analys es, 


; : DSE 
Computing equations: Mh =A deU > = 

: fo 2 
e a (log ip Ker) se Ke, 


The tuetted area. 15 À )اه‎ 


ګتد هل 
19( هپون 14098 


6 
rj ود‎ hU bx" 


e (oda ٤٠٠م‎ 
Subst i tenting, 


l fbf gs 
= 002/59, / JB S 8 114 Ux Db Me, 1 699 Sag / زم‎ stint, AL VS Te 
Fp = 0.00214 , / 88 Ay ۱3. )3 11+ dis wd koci eos ) Sua te 


Fp = 2250 bf (skin frie hon only ) 


Jot! 
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4 
a 
42. 
ma 


anim 
^ 
Arad 


Problem 9.81 [3] 
9.81 A jet transport aircraft cruises at 40,000 ft altitude in steady 
level flight at 500 mph. Model the aircraft fuselage as a circular 
cylinder with diameter D = 12 ft and length L = 125 ft. Neglect- 
ing compressibility effects, estimate the skin friction drag force 
on the fuselage. Evaluate the power needed to overcome this 
force. 
Given: Aircraft cruising at 40,000 ft 
Find: Skin friction drag force; Power required 
Solution: 
Fp 
Basic equations: Cp = ———— 
1 2 
۸ 
: p 
We "unwrap" the cylinder to obtain an equivalent flat plate 
L = 125-ft D = 12-ft A = LTD A= 4712-ft V = 500-mph 
From Table A.3, with z = 40000-ft z = 12192m 
l 
For z = 12000-m لل‎ = 0.2546 with Pcp, = 0.002377. 9 
PSL m 
z = 13000-m —P. = 02176 
PSL 
0.2176 — 0.2546 
Hence at z = 12192m —P. = 0.2546 + (02960258) (15195 — 12000) = 0.255 
PSL (1300 — 12000) 
slug 
p = 0.2550 p= 0.000606.— * and also T = 216.7-K 
ft 
1 
bT? 6 k 
From Appendix A-3 u= with b = 1.458x 10 - 8 I S = 110.4-K 
ې1‎ = 7 
1 کد‎ 
1 
bT? 5 Ns 7 Ibf-s 
Hence u = —— u = 1.42x10 .— u = 2.97x10 .—— 
5 2 
14= m ft 
T 
p VL 8 
Next we need the Reynolds number Rey, = Rey = 1.87x 10” souseEq.9.35 
p 
0.455 
2.58 
log(Rey ) 
The drag is th ړز‎ 
e drag is then Fp = da A Fp = 1500-Ibf 
The power consumed is P-FpV P = 1.100 x 10°. En P = 1999-hp 


S 
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Problem 9.82 Bo‏ د 


Given: Model barge tested at ۱١۱3.5 scale; protohype Seced , Vo= fmph] 
. | 
Lhueasenss are: length, l= 22 ff 
Bea, B= Ypf 
! Drath, D = D657Y* 


Find: (a) Model test Speed, Vin l > 
| (6) Berar lasers (naar 2۸ tunbutenton Poste رع‎ | 
| (e) luñere POSi hon Bl trips o0 modei? 

Cd) Estimate shin frickin drag for model and هوم‎ 
| 

i 


Solution: Test Shouid be rUn so Fra, Y Fra د‎ m ais = Vo Nate 


Dus Vm olus fie 4۰/۱/85 = 2.18 mph Ms 
= Vel td id ? (Fa = 
Key = Le pO x GE XIS DF, To Fee 7 324K 10 (T= LBF, Tobie A 7b 


Therefore óocundadcty- ayer Flew (5 bturbretent, Transition would gecur 
at Ky, Z EROF, so 


EN 
| XeJ, = 2۱ ROMER Ky = LOSY Lu, = 6.0339 + horn front 


3, zu x o* nS ورو د ز‎ : 


The we ted area د‎ A= LB 7, £D). ASSunre for turbulent L flou 


sc Se > Ah 2S, 80594 2 0.0783 


—— 


Cp tr Fo e 
(Re, ) (Re) 


Par the model, lL ۳ #2 Ye, dnd 


| Rey, m LP (2, M47) e. zz» 5 = b €3 xot 
v Sec ^ LOg x رارک مر‎ 
Com we we TS = دوو ر‎ 


| 
7 3 nd 
Fir the mode! 


p 
Fp = Loy مع ]97 2( وه هب9( .0.00922 = د‎ [o la + loma) ee Hs 
On lom 20 Vir Am > x a J لا دق‎ 


Pag 2-071 EF fbm | 


Por the pro P type, 


Rep = 224x105 Oy, = 0.00/48, Ao د0 را2 = رم"( کقا)ء‎ 


Dp 


Fo = [4 £ z m LOOLE L FESI PANA) pL El, Soo Y F* Ef ut 1 | 
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Problem 9.83 


9.83 A flat-bottomed barge, 80 ft long and 35 ft wide, sub- 


merged to a depth of 5 ft, is to be pushed up a river (the river 
water is at 60°F). Estimate and plot the power required to over- 


come skin friction for speeds ranging up to 15 mph. 


Given: Barge pushed upriver 
Find: Power required to overcome friction; Plot power versus speed 
Solution: 
F 55 
Basic equations: Cp = p (9.32) Cn = موه‎ — — 0 
1 شش‎ log(Rer ^5 Rer 
"i p-U -A (log( eL }) 
From Eq. 9.32 Fp = Cp A-=-p-U" and A = L(B+2-D) 
The power consumed is P = Fp-U P = Cp-A 1 U 
ES TO üc 2) 
Given data: 
L= 80 ft 
= 35 ft 
D = 5 ft 
v= 1.21E-05  ft/s (Table A.7) 
p= 1.94 slug/ft (Table A.7) 
Computed results: 
A- 3600 fc 


[ Um  *- T JP 
۱ 1 ——[- 3765-6 | 000288 | 93571 — 
[ د‎ | isi | 00056 | 042 — 
[ 3 [oomo | 00024 | 135 — 
[ د‎ f 38857 | 00094 | 31 — 
[ s | aseo | 0:3 | se — 
[ 6 [| seo | 000927 | 98 — 
[ 8 | 7767 | oom | 2  — 
[ و‎ [| ezev | oos | a — 
[ 15 | eoe | oos | 90 — 
m 

136 
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Power Consumed by Friction on a Barge 


3 6 9 12 15 
U (mph) 
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Problem 9.84 [3] 


Given: Racing Shell of Perdut Crew, approvimated as half a cy hinder, 


Vz o. mls = 
- سر‎ ee eri 


ul 


LT, 3C nm 
Fine! (4) Location of trans hen jm boten dart, lay es pa bull, 
(b Thickness of TOL a+ rear of hal. 
(6€) Total skin frichon drag oa hell. 
Solution: Assume thw behaves AS on û Flat plate, with A, t = 500,000 


Rey = Vx = 500,000 j XX = 200,000 8 5905 ixi% 
y vo 


= په‎ 0.0745 m Ae 
(y= يی اسو را‎ tor water ar 20%, Table 4.8). Thus LBL as only lh ofh, 


For tne turbulent boundary lager 2 » 9 382 , د وک‎ = 038% , 


[2x Ke ^s 
Re, = Vb x 6.9477, 2 = 
LS F x SL TAX S uu اوروښ سه‎ 
د‎ reer 2 {0810 m 7 
لتد دب نن چي‎ AE ا چ چ چ چ چ‎ CZ 
The drag force is Fp * A PV" 


Ass ari - mea * » 0.78] اي‎ 19.32 em = £,25 m* 


DIAS 
(log Kec ye 


Fp = 0000237, add eae s py MT م‎ 280 AJ E 
KU * eg T 


i 
Nate tht rowers must produces aa average power of | 


Since t's Ke, < 10? then Cp = = D, 002257 


Then 


Pa ۷ > Z90 Ny REA = LES kW 


To move tht Shell At this speed, 
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Problem 9.85 aj 
Given: Nuckasr submarine, ering submerged A+ V = 27 ke. ME 


Assume hull is a circular tylinder, D* 1.0 m and L9 l071 m. 


Find! (a) Estimate peran tage of huat! length Lab laminar ۰ 
(b) Cotenlate dág due + Skin frichon | 
(6) ES Tre. te power consumed 


Soluhon: Tread Hall asa flat plate with n Wetted Anta. 


Aetra, hut: 3 


l ککبا.‎ | 
Gmputing equahens: Reg -E£00,000 Cy y E | 


(loq, Re, نو‎ | 


Fry رم اق 4د‎ Y = 108 xio mM seca (Table 4.1), So (T » 20°C) | 
Ke = VE ص 27 4ے‎ „ 0070 ft. 0.3058 m, he « (07M á = LYX? 


» hr nm f+ 36005 “fa x کن‎ mM 


= ٢ وه‎ or Xe 24.0302 % of L. AL 


L Re, 1,47 X 109% : : 


i 
Neglect láminas Bl; assume ties د‎ Completely tarbeutent, | 
F Û HSS 1. YSL 

0 ` (lodi ae id arp 


Lopta Lx l025 Kg fae VD. 307 V^ m Alig 4 kE 
$ 7 2 eV E: 2 * E. ( k ER ب‎ ow 77.8 مل‎ 


= 0, 00158 A SFL = B4.6m, IITM = 3,70 ۷/90 ور‎ 


ma S6o0 SE "kim 
fp = oG A = 0.09/50, 57,۵ I AI ومو مرش‎ 597x103 ۸ i Fb 
mi 


pr AR, A Pecos 
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Thus Xt. Ke, > S09,000 


Pz EN = که‎ A x ENS NES يږ‎ 2657۷٢ | he = دون و‎ 


[3] 


Problem 9.86 


9.86 A sheet of plastic material 10 mm thick, with specific grav- 
ity SG = 1.5, is dropped into a large tank containing water. The 
sheet is 0.5 m by | m. Estimate the terminal speed of the sheet as 
it falls with (a) the short side vertical and (b) the long side vertical. 
Assume that the drag is due only to skin friction, and that the 
boundary layers are turbulent from the leading edge. 


Given: Plastic sheet falling in water 
Find: Terminal speed both ways 
Solution: 
Fp 0.0742 
Basic equations: Fy = 0 for terminal speed Cp = Cp = i (9.34) (assuming 5 x 10? « Rey « 107) 
2 
Rer. 
h تت‎ W = 1.m L=05m A=W-L SG = 1.5 
6 m k 
From Table A.8 at 20°C v = 101x10 .— = 998 A for water 
m 
Hence Fp + Fbuoyancy —-W=0 Fp = W- Fouoyancy = p-g-h-A-(SG - 1) 
4 1 9 
1 0.0742 1 0.0742 5 51 05 
Also En =2-C Pe = 2. dcr - DNE Mibi - 0.0742-W-L? y. 5. p. v? 
5 5 
Rer, (=) Note that we double Fp because 
٧ we have two sides! 
4 1 9 
5 51 5 
Hence Pmo0 gh W-L-(SG - 1) = 0.0742-W-L -v PY 
5 
1 9 
msc ma m 
Solving for V on V = 3.41— 
0.0742 v 5 
V-L 6 ; 
Check the Reynolds numbeı Re = —— Rey = 1.69 x 10 Hence Eq. 9.34 is reasonable 
Y 2 
1 9 
H(SG-1) (LY? m 
Repeating for L=1m A V = 3.68 — 
0.0742 v 5 


Rej, = 3.65 x 10° Eq. 9.34 is still reasonable 


Check the Reynolds numbeiRe; = 1 
v 


The short side vertical orientation falls more slowly because the largest friction is at the region of the leading edge (t tails off as the 
boundary layer progresses); its leading edge area is larger. Note that neither orientation is likely - the plate will flip around in a chaotic 


os.net 


manner 
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Problem 9.87 Wo 
Given: bo-seat jet transport proposed by Airbus Indes tri. Fuselage bas 
length L* 70 m and diameko D * 2X rn, Alreraft operates 14 hr per 
day, b days ptr week, er ing at V2 mis (1M=0.87) at j= و‎ 
The thrust 5ptcifac fue! Lo ump hon (TsFc) j1 0106 Mg |N hr, 


Find: (a) Estimate of Skin trucho? drag on fumlage. 
(b) Annual fuel saved by l'h reduction M drag by nodrhying surface] 


Solution: ASSUME: (I) BL behaves as though on flat plate, A= 7 9 m? 
(2) Meg lect compress 1b: lity effects 


(3) All futi Consumed  Crutse Fight 
Need Reynolds number 


a PVL : 
a, لم«‎ A^ 


Table 4.3, T - 210 K and Psu = 0.2546 FS ١.55 123 kg =0. 313 kgl, 3‏ موا 
m‏ 


from Eg. A. ly AL 7٨ 85$ kio pe kg y (are e I 
meos. 4 


AE 142 xt0 5 ka 
COUGH Ub, TK rns 
0.343 kg QU 
یم‎ phe E 71227720 m ms z 2 
L پر سب 3 و‎ * Faz x lot Ro 2 مر‎ 6 TKZ 3.47 x fo 


From Eg, 4.38 (Re, <10%), 
0.7 0 


p 2 ے سس‎ _ 9.455 0. Ls 
llog Re, J Ê leg 3.47 x io)" 


aad 
x E - + 
Fp ۵و‎ 2۷ = Lx 0,001 77. (Laso m? x 0313 kh , 2 Aat 


PPP a a] Af le 
* p 3,02 x! Dp 


and AR = M, Ts, t 


30L N, DOL Kd, BLS clay, lyhe L : 
x Whe GA wp kalgi ee 


The Sece ihe Sees of Jet fati (kerosint) 1s About 692 (Ta ble A.2), Thus | 
1 

Afe 
FP SE Pres Hro 


Ay = TA dx int +2 7,98 gal ae 4 
Maat kg TEE Ts 2.85 x 10% gallyr 


AC په‎ 2,55 * 0 gad x i my $25,000 
Yr gat 


This 18 a Substantal Saving pto ducente. The cost Saving for A و تا‎ wouid | 
be impress ne. 


à llb 
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Problem 8 [tenias 


a NUN e ss dado: 
Q JA حسقة‎ | y Sree Na Lom" RAR pres 
Sarg + "Ode E ds JN ER عمک‎ ot We ٢ن‎ 


Tinde. wy WM. SN eee و که کڪ‎ eK T: 
O KAD din - مک‎ 
{ey ponies eq jared X oe. ain - هل‎ a 


CNN í 3 
Wee Ke AS sos. se Sido 5 
Gur AC SN RR Er مه‎ oo taa ÉS ( Sc uon. په‎ 

, C» o. 
هه نکچ ہما‎ tq pala, 1 d = = Res AÑ 
RSS ES ES 
DT LE Re E: 
a MEUS Pa Nes. e Noc: Ad xO 

For toner aS Ke cal Uos Ne o» ف‎ E e BD) 

AL We Ade a M "P As CX ad). 


E 
3 
le 


۵٢٣‏ که = ss‏ سردا M SS‏ دي 
koos No‏ بمیح دنت 
که Res Ex EON. SON , yw‏ 
d > LoS « MSS Û" ۳‏ 
wie‏ 
S.‏ یس x Boo v a‏ که 
A ‘‏ = 
سم — — Dh‏ عا کې ss (S SR‏ 
SA ore Federer ALS‏ ېې o dul osea as‏ 
* = 
په مهه مهد ws (adds [tor eine Ron ms‏ 
e. ^‏ 
ههه T e. urs‏ یک ex ss‏ 
er‏ حد \ Crea,‏ 
ut u^‏ د پا A x‏ 
CONS Boer vo «Xu ors 256 Ag Cad, es‏ = ټاو F< Ce AS‏ | 
RA‏ تو UNT N E ES‏ | 
الا لچ د 4 که zw No‏ 


(Roe e dae پس‎ was Oy کټی‎ UA) 
Nu Peres A pes 


Ne 
ې‎ 05 Se Ho Ni VO يه پا يج = شا‎ 
S 5 XS کو‎ 
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Problem 9.89 [4] 


9.89 In Section 7-6 the wave resistance and viscous resistance on a 
model and prototype ship were discussed. For the prototype, L = 
409 ft and A = 19,500 ft. From the data of Figs. 7.2 and 7.3, plot on 
one graph the wave, viscous, and total resistance (Ibf) experienced 
by the prototype, as a function of speed. Plot a similar graph for the 
model. Discuss your results. Finally, plot the power (hp) required for 
the prototype ship to overcome the total resistance. 


Given: "Resistance" data on a ship 


Find: Plot of wave, viscous and total drag (protoype and model); Power required by prototype 


0.008 
0.006 
pacanDaungg 
t o D 
3 Total resistance y 
= 0.004 : 20 
3 0 
o amar? ههه‎ 
8 agonH (o) 
g Bg لالانالا‎ 0 ٥ 
© 0 0 [e] 
3 0.002 9974, o 
3 5 ٥٥٥٥٥٥٠٥۰ ٥4۵ 00 0٥ 0 00000 تپ‎ 
o ههه‎ Viscous resistance 
0 
0.000 
-0.002 
0 0.1 0.2 0.3 0.4 0.5 0.6 


Froude number 


Fig. 7.3 Resistance of full-scale ship predicted from model test re- 
sults. (Data from U.S. Naval Academy Hydromechanics Laboratory, 
courtesy of Professor Bruce Johnson.) 


Solution: 

0.008 fH 

aamgag 
Total resistance "n is Opat 

0.006 O 
5 
= 999 
g mes Viscous resistance 000094 583888 
o oC? 8% 
8 0 
6 0 
§ 0.002 o0 
3 O O 9م‎ 
a ogo? OY "Wave resistance 

O o ogo80 
00088 
0.000 5 o0 
-0.002 


0 0.1 0.2 0.3 0.4 0.5 0.6 
Froude number 


Fig. 7.2 Data from test of 1:80 scale model of U.S. Navy guided 
missile frigate Oliver Hazard Perry (FFG-7). (Data from U.S. Na- 
val Academy Hydromechanics Laboratory, courtesy of Professor 
Bruce Johnson.) 


F 
Governing equation: Cp = — (9.32) 
Lowa 
2 
يچ‎ 
Jal 
From Eq. 9.32 سوک‎ cpad pu? 


This applies to each component of the drag (wave and viscous) as well as to the total 


P= CpA pU 


P = FpU 


U = Fr gL 


The power consumed is 


From the Froude number 


The solution technique is: For each speed Fr value from the graph, compute U; compute the drag 


from the corresponding "resistance" value from the graph 
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Given data: 


L,= 409 ft 
A,= 19500 ft” 
LaF 5.11 ft (1/80 scale) 
An= 3.05 ft" 
SG = 1.025 (Table A.2) 
= 2.26E-05 Ibf.s/fc (Table A.2) 
p= 1023 slug/fé 


Computed results: 


Model 


Fr Wave Viscous Total U (ft/s) Wave Viscous Total 
"Resistance" | Resistance"| "Resistance" Drag (Ibf) | Drag (Ibf) | Drag (Ibf) 
0.00050 0.0052 | 0.0057 0.641 


030| 000126 | ooo 0.0052 | 385 | 139 | 462 | 600 


fo.60f 000926 | 0005 0.0067 | 779] 148 | 162 | 309 — 


Drag on a Model Ship 


350 4 
3004 [gTotal لب‎ 
250 - |O Wave O 
F (bf) 2007 |© Viscous = 
150 - 8 
100 - ٠ 7 8 o 
50 - YH ° o 
0 8 8 D 9 
0 1 2 3 4 5 6 7 8 9 
U (ftls) 
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Prototype 


Fr Wave Viscous 
"Resistance"  |"Resistance"| "Resistance" 0° 


1 
0.00050 0.0017 0.0022 0.328 
0.00075 0.0016 0.0024 


so] 000320 | 0001 | 0005 | 689 | 757 | 30.7 | 6 


0.00120 0.0015 | 00027 


Drag on a Prototype Ship 
120 5 
0 
100 - L1 Total 
80 - O Wave 
6 : O 
F (lbf x 10 i O Viscous 
1 0 
40 4 g © ^ 
20 - U ©0 y © 
E EA 
0 T e] T 8 T T T T T 1 
0 10 20 30 40 50 60 70 80 
U (ft/s) 


For the prototype wave resistance is a much more significant factor at high speeds! 
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[1] 


Problem 9.90 
Given: Flag, 57 m high and 112 نما موم‎ tle, Mounted Vert ta tts, 


Find: Force on flag in te km/hr bund. Was fas here, a Sunrise ? 


Sot ٣ ۵ + Apply d&fa ioa av drag coefficient, E 


Computing €gquadin : fp = C ¢pvia 


Assumphons! (1) Fag acts as flat plate 
(2) Standard air 


The aspect ratio & 
From Fig.9.10, Cp * 1.15, Then 


2 و‎ 
f= Md? PLI le xom , hrec ) Him, و‎ AS 
m3 hr 30008 kg m 


Fp * 92.8 kN 


The Hag Failure Should have heen expected, This 150 large force, | 
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p. 


HEETS د‎ SQUARE 
HETS 3 SQUARE 
HEETS 3 SQUARE 


Z 
Aa, | 
MATEO ACA 


[3] 


Problem 9.91 


*9.91 Fishing net is made of 1/32-in. diameter nylon thread as- 


sembled in a rectangular pattern. The horizontal and vertical dis- 
tances between adjacent thread centerlines are 3/8 in. Estimate the 
drag on a 5 ft X 40 ft section of this net when it is dragged (per- 
pendicular to the flow) through 60°F water at 7 knots. What is the 


power required to maintain this motion? 


L4 = 6400ft 


Ly = 6400ft 


Given: Fishing net 
Find: Drag; Power to maintain motion 
Solution: 
Fp 
Basic equations: Cp = 
1 2 
۸و‎ 
: p 
We convert the net into an equivalent cylinder (we assume each segment does not interfere with its neighbors) 
- A 3. ft 
L = 40-ft W = 5-ft d = —-in Spacing: D = —-in V = 7-knot V = 11.8— 
32 8 5 
l WwW 
Total number of threads of length L is n -— ni = 160 Total length Ly = mL 
D 
Total number of threads of length W is n) = 2 ny = 1280 Total length Ly = nW 
D 
Total length of thread Lp = Ly +L) Lr = 12800ft Ly = 2.42mile A lot! 
The frontal area is then A = Lyd A= 33.316 Note that L-W = 200 ft? 
slu 5 te 
From Table A.7 p= 1.94. 508 v = 1.21x10 .— 
3 5 
ft 
; V-d 
The Reynolds number is Reg = — Reg = 2543 
Y 
For a cylinder in a crossflow at this Reynolds number, from Fig. 9.13, approximately Cp = 0.8 
: 1 2 
ence Fp = pr pow -A Fp = 36111bf 
- ft-Ibf 
The power required is P = Fp.V P = 42658 P = 77.6hp 
5 
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Problem 2 [2] 


Given; Rotary mixer, constructed as Shown: 
The mixer is rotated m brine, Sé = 1,1 


Neg (ec mohon of gut هلت‎ drag 
On rods. 


Find! (a) Torgue 
(E) Horsepower reguired Fo drive mixer. 


Solution: Use drag corfficient data. from Ta bte 9.2, and 


" 4 r 7 = #=0.6. 
Basic equations: T= ¿Rf a Q^" 07 (00mm 
Pe Tw A 
مون‎ 


Thus V =Rus = 06m, b0rey ږ‎ Trod, 40 3,77 m/s 
min rey 608 


From Table 9.2 Cp x 147 fra disk, so neg lectiig drag of rods, 


fg = FOV TID 1,199 kg (E) mt (ome دل‎ ILEN 
Z FER 2 ma سا‎ x x داو‎ - a 
9m 


Then 
TE ERE, = CxQ.6my 7/8 N a 86,2 M ¡APA E 
C rel 
P = Tuy = éZ Nm. 6o LEY x 21۳ له‎ mun pn s e E 
end rev GOS ۸/۰ 7 ادد موو دس‎ 
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Problem 9.93 [3] 


9.93 As a young design engineer you decide to make the rotary 
mixer look more “cool” by replacing the disks with rings. The 
rings may have the added benefit of making the mixer mix more c ||» o = 60 rpm 
effectively. If the mixer absorbs 350 W at 60 rpm, redesign the de- 
vice. There is a design constraint that the outer diameter of the 
rings not exceed 125 mm. -— 0.6 m—}—0.6 m—| | 


100 mm dia. 


Given: Data on a rotary mixer 
Find: New design dimensions 
Solution: 

The given data or available data is 


R = 0.6-m P = 350-W w = 60-rpm p= 1099. 


For a ring, from Table 9.3 Cp = 1.2 


The torque at the specified power and speed is 


P 
1= T = 55.7N-m 
w 
eee 1 1 
The drag on each ring is then Fp = ٢ Fp = 46.4N 
The linear velocity of each ring is V=Rw V= 3.772 


Fp 
Cp = 
2 
Fp -3 2 
Solving for the ring area A = — A=495x10 m 
2 
T 2 2 
But A= 7 (a, - 4) 
The outer diameter is dy = 125-mm 
4-A 
Hence the inner diameter is di = d -— dj = 96.5mm 
7 
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Problem 4 [2] 


Given: Farachite anda man PE 79 ta! mass, ma /20 kG. 


| X m = 120 kg 
Y x 


| v 


Fine: Minimum diameter, D, 


of drag coe FF icre ne, 


lompliting tquahons: Fy = ma -Fp = May j Cp = Fp - 
. را تسو‎ ia 


Assumphons: U) Standard air 
(2) Rirachidte behaves AS opta hemisphere 
CS) Vy =@nstant ; ay “0 


Then fF y = mg — fy =b or Fo = OA FO = ng 


A= BRS so mg. = Cp TD, 


D = a and Dz ¿ma 
TOP ۷ T eM. 


From Table 9.3, dp = LAZ Br an open hemisphere. 


_[& Rokg agim LI a 
o=[£> Ss Ta E INTUS 


- 6.90 rn D 
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Solution! APP ly Neto کوب‎ SECON fry of moter, le frn د‎ 


SHEETS § SQUARE 
SHEETS 5 SQUARE 
SHEETS 5 SQUARE 


[3] 


Problem 9.95 


9.95 An emergency braking parachute system on a military air- 
craft consists of a large parachute of diameter 6 m. If the airplane 
mass is 8500 kg, and it lands at 400 km/hr, find the time and dis- 
tance at which the airplane is slowed to 100 km/hr by the para- 
chute alone. Plot the aircraft speed versus distance and versus 
time. What is the maximum “g-force” experienced? An engineer 
proposes that less space would be taken up by replacing the large 
parachute with three non-interfering parachutes each of diameter 
3.75 m. What effect would this have on the time and distance to 
slow to 100 km/hr? 


Given: Data on airplane and parachute 
Find: Time and distance to slow down; plot speed against distance and time; maximum "g"'s 


Solution: 
, A i dV 1 2 
Newton's second law for the aircraft is M = p= pAN 


where A and Cp are the single parachute area and drag coefficient 


Separating variables = =- = 
y? 2-M 
V. 
Integrating, with IC V= V; Vit) = —— E75 (1) 
-p- 
1+ Tu -V. it 
——" 2M Cpp-A 
Integrating again with respect to £ x(t) = -| 1+ "Vet (2) 
Cp-p-A 2-M 
— 2M (Vi 
Eliminating ? from Eqs. 1 and 2 x= ‘In| — 6) 


To find the time and distance to slow down to 100 km/hr, Eqs. 1 and 3 are solved with V = 100 km/hr (or 


use Goal Seek) 
dV 
The "g"'s are given by — = m TT which has a maximum at the initial instant (I = ل7‎ 
g UE 


For three parachutes, the analysis is the same except 4 is replaced with 3.4. leading to 


Vi 
Vi) = 
3-Cp-p-A 
D 
1+———-V; 
2-M 
د‎ 3-Cp-p-A 
x(t) = M رر‎ h: = 2 
3-Cp-p-A 2M 
Given data: 
M - 8500 kg 
Vi- 400 km/hr 
حم۷‎ 100 km/hr 
Cp= 142 (Table 9.3) 
p=1.23 kg/m? 
Single: D= 6 m Triple: D = 3.75 m 
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Computed results: 
A= 283 m 


Aircraft Velocity versus Time 


400 
350 One Parachute 
300 4 
250 | = = = "Three Parachutes 
V (km/h) Soo] 
150 - ج‎ 
100 -+ 7 SS 
50 4 
0 T T T T 
0 2 4 6 8 
t (s) 
Aircraft Velocity versus Distance 
400 
350 4 
300 - One Parachute 
V (km/hr) 250 + - = = "Three Parachutes 
200 4 
150 4 " 
100 - UNE مسا ې‎ 
50 4 
0 l 1 T T 
0 100 200 300 400 
x (m) 
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Problem 9.96 [3] 


9.96 As a young design engineer you are asked to design an 
emergency braking parachute system for use with a military air- 
craft of mass 9500 kg. The plane lands at 350 km/hr, and the para- 
chute system alone must slow the airplane to 100 km/hr in less 
than 1200 m. Find the minimum diameter required for a single 
parachute, and for three non-interfering parachutes. Plot the air- 


plane speed versus distance and versus time. What is the maxi- 
mum “g-force” experienced? 


Given: Data on airplane landing 
Find: Single and three-parachute sizes; plot speed against distance and time; maximum "g"s 


Solution: 


7 


Newton's second law for the aircraft is ai = e paw 


where A and CD are the single parachute area and drag coefficient 


— dv همو‎ 
eparating variables — =- 
E 2M 
V; 
Integrating, with IC V= V; va = ——— —— (1) 
Cp-p-A 
D 
1+ 2 Mit 
TOS 2M مو‎ 
Integrating again with respect to £ x(t) = ok -n| 1+ TT -Vit 2) 
DP- eN 
7 2M (Vi 
Eliminating ¢ from Eqs. 1 and 2 x= -n| — (3) 


To find the parachute area we must solve Eq 3 for A with x = ېد‎ when V = Vf 


: V. 
Ks ELA, = 4 
“EPs ۷٧ 
For three parachutes, the analysis is the same except 4 is replaced with 3.4, leading to 
à V. 
CL. mt E (5) 
3Cppxp | Vr 
dV 2 
"dt -Cp:p-A -V 
The "g"s are given by — = ————— 
g 2Mg 


which has a maximum at the initial instant (V = V7) 


Given data: 


M - 9500 kg 

Vi= 350 km/hr 
V= 100 km/hr 
xp¿= 1200 m 

Cp- 142 (Table 9.3) 
p= 123 kg/m? 
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Computed results: 
Single: Triple: 


12517647 154 | 
sofea 3m — 


Aircraft Velocity versus Time 


V (km/hr) 
50 4 
0 T T T T 1 
0 5 0 15 20 25 
t (s) 
Aircraft Velocity versus Distance 
V (km/hr) 


0 T T T T T 1 
0 200 400 600 800 1000 1200 
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Problem 7 D 


Given: Windmills Jo be made from $crplus SS-gai Qu dreams, 
for a. drum, D= 24 m., H=2F in, 
j 


Find: lh rch configuration lugte (d. be. be Her, Why, Ana by how Much? 


Solution: Sum moment about ook, neglecting مو‎ in و‎ 


Configure ten A? 


2 .D D 
aM = تو دو اوت‎ = Ch. -Fy) 


SQUARE 
SQUARE 
SQUARE 


is EM = P (e -los A kev? 


ei Configuration B: 


١:۰۴9 ration 2 


موک 
بابر 
Aad DNA‏ 


hf =p 
2H = 2 fu z Fs = (5, د‎ 


EM = Flou- tou) 4 ev? 


Performance of B wilt be better becouse HYD. 
er 
e H-D a 29-9 


۳ ړک‎ = 0.108 * 5 20.4 percent agro vernent! 
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Problem 9.98 [2] 


Given! Bike And rider ta rfh /1Íí00k23,,4 -0.Ub mí and neg ligible | 
rotting resistance, has terminal speed, Y 1E mks, an a hit | 
twin Y percent grade. Drag te fAcient estimated as Co 52. 


End: (a) Verify this Chicetation of drag CoerF cient. 
(b) Distance Gr ها زا‎ and rider To Slow Lam کا‎ t lom/sec after 
reaching level road, 


_— Po 7 
Solution: Treat the bike and rider AS A System. O | 
From a free-body Magram, 2 


LF, =le -fp = mg وو بک‎ TOAN =m0x Û = tan“ (0,01) =4,57° 
At terminal speed, ay =0. Then کو‎ = DALEY, دک‎ 
ii a émas 26 بے‎ 2, Cokg , 7. frg. xdi کر وان کی هه‎ 


diia "aes ig sr ' 7 $ 
This Cp 12 4$ Correct. 
۵ دول‎ =- i: 
na Hat Surface, EF. =- Fp GAtev? = me» mv de 
or 
de = - 2m. av 
Copa Y 
Heg ted 
۷٧ 
مھ‎ fdo» سف‎ dV O 22m ag 
ie. ofA vo fA e 
A “BL; as "ER = (11m a 
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38 5 SQUARE 
TS 5 SQUARE 
TS 5 SQUARE 


Problem 9.99 [2 


Given: Baltishi data fir 44 magnum revolver bullet: 


Vi = 250 nfs Dz= ¿41.2 nim 
fp over Ax =/50 m 
Ve = 210 5 m= ک/‎ 9 


Find! Evaluate average drag coe thc ear, 


Comput ing tq ua hon: Fo = & A Lev 
Basie ege ion: CFs = Ia = m SY = mv dv | [5— v 
Xx 


From the free = body diagram, ZF =- Fy, می‎ 
mV YY w- =- "وه‎ 
Thus 


dv. DAL ay 
۷ ¿rr 


Lite gra. trag 


Y Ve 7 
IN e = Lay Vt Sou ORE زا‎ 
۸ v wy Vi E y 
Solving, Using density of standard aur, 
0 .- £m dm, Ve 
pA Ax Y 


Su رس نن‎ AA AN 
^ اک‎ 4 whose pee 150 n ` 25D 
———————— تا ا ا ا ا‎ 
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So ltehon : Apply NéwtOS Second leu , definition ۴ diag DPI 


ETS د‎ SQUARE 
ETS 3 SQUARE 
ETS د‎ SQUARE 


[2] 


P = 0.227hp 


Problem 9.100 


9.100 A cyclist is able to attain a maximum speed of 30 km/hr on a 
calm day. The total mass of rider and bike is 65 kg. The rolling resist- 
ance of the tires is Fp = 7.5 N, and the drag coefficient and frontal 
area are Cp = 1.2 and A = 0.25 mi. The cyclist bets that today, even 
though there is a headwind of 10 km/hr, she can maintain a speed of 
24 km/hr. She also bets that, cycling with wind support, she can attain 
a top speed of 40 km/hr. Which, if any, bets does she win? 


Given: Data on cyclist performance on a calm day 
Find: Performance hindered and aided by wind 
Solution: 


The given data or available data is 


2 
Fr = 7.5:N M = 65-kg A = 0.25-m 
kg km 
Cp = 1.2 = 1.23-— V = 30-— 
D P 3 hr 
m 
; EE? 1 2 
The governing equation is Fp = SOAN ‘Ch Fp = 12.8N 
The power steady power generated by the cyclist is 
P= (Fo+Fr)V P = 169W 
: : km km 
Now, with a headwind we have Vw = 10. — V = 24 
hr hr 
The aerodynamic drag is greater because of the greater effective wind speed 
1 2 
Fp = y PA(V + Vw) -Cp Fp = 16.5N 
The power required is that needed to overcome the total force Fp + Fg, moving at the cyclist's speed 
P = v-(Fp *Fg) P = 160W 
This is less than the power she can generate She wins the bet! 
With the wind supporting her the effective wind speed is substantially lower 
km km 
Vw = 10 — V = 40.—— 
w hr r 
1 2 
Fp = y PAd(V= Vw) -Cp Fp = 12.8N 
The power required is that needed to overcome the total force Fp + Fg, moving at the cyclist's speed 
P = V-(Fp + FR) P = 226W 
This is more than the power she can generate She loses the bet 
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[3] 


Problem 9.101 


9.101 Consider the cyclist in Problem 9.100. Determine the 
maximum speeds she is actually able to attain today (with the 10 
km/hr wind) cycling into the wind, and cycling with the wind. If 
she were to replace the tires with high-tech ones that had a rolling 
resistance of only 3.5 N, determine her maximum speed on a calm 
day, cycling into the wind, and cycling with the wind. If she in 
addition attaches an aerodynamic fairing that reduces the drag 
coefficient to Cp = 0.9, what will be her new maximum speeds? 


Given: Data on cyclist performance on a calm day 
Find: Performance hindered and aided by wind; repeat with high-tech tires; with fairing 


Solution: 


The given data or available data is 
Fr = 7.5:N M = 65-kg A = 0.25-m 


Cp = 12 p = 123. V = 30.— 


The governing equation is Fp = 5 V ‘Ch Fp = 12.8N 


Power steady power generated by the cyclist is P= (Fo + Er) V P = 169W P = 0.227-hp 


Now, with a headwind we have V, = 10.— 


The aerodynamic drag is greater because of the greater effective wind speed 


Fp = 5 ٢ + Vw) "Cp (1) 


The power required is that needed to overcome the total force Fp + Fp, moving at the cyclist's speed is 
P= V-(Fp + FR) (2) 


Combining Eqs 1 and 2 we obtain an expression for the cyclist's maximum speed V cycling into a 
headwind (where P = 169 W is the cyclist's power) 


1 
Cycling into the wind: P= o r p-A(V + Vy) Cp|v (3) 


This is a cubic equation for V; it can be solved analytically, or by iterating. It is convenient to use Excel's Goal Seek (or 
Solver). From the associated Excel workbook 


From Solver ۷ = 47 
r 


By a similar reasoning: 


1 
Cycling with the wind: P= o + zi p A(V - Vy) Cp|v (4) 
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From Solver V = 35.8 - 
With improved tires Fr = 3.5:N 


Maximum speed on a calm day is obtained from P= (r + 2 p AVi cp) v 
2 


This is a again a cubic equation for V; it can be solved analytically, or by iterating. It is convenient to use Excel's Goal 
Seek (or Solver). From the associated Excel workbook 


km 


From Solver V = 32.6:— 
hr 
Equations 3 and 4 are repeated for the case of improved tires 
¿ : km ; , km 
From Solver Against the wind V= E With the wind V= وړي‎ 
r r 
For improved tires and fairing, from Solver 
V= 577 Against the wind V= 298 With the wind V= وږ‎ 
r r r 
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Problem 9.101 (In Excel) 


9.101 Consider the cyclist in Problem 9.100. Determine the 
maximum speeds she is actually able to attain today (with the 10 
km/hr wind) cycling into the wind, and cycling with the wind. If 
she were to replace the tires with high-tech ones that had a rolling 
resistance of only 3.5 N, determine her maximum speed on a calm 
day, cycling into the wind, and cycling with the wind. If she in 
addition attaches an aerodynamic fairing that reduces the drag 
coefficient to Cp = 0.9, what will be her new maximum speeds? 


Given: Data on cyclist performance on a calm day 


Find: Performance hindered and aided by wind; repeat with high-tech tires; with fairing 


Solution: 
Given data: 
ې ې‎ 7.5 N 
= 65 kg 
= 0.25 m? 
Gps 1.2 
p= 1.23 kg/m? 
V= 30 km/hr 
Vw= 10 km/hr 
Computed results: 
1 2 
وو‎ Pa ED = 128 N 
Cycling into the wind: P= E + EN " E y 


Left KER E ALD) 


Using Solver: 169 | 169 | 0% | 


Cycling with the wind: P= E + ٩ - و۰‎ -V 


Using Solver :| 169 | 169 | 0% | 
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With improved tires: 


2 


Fp= 3.5 
f : 


E بل‎ 
هم-8‎ Cp | 


- j 


Left (W)|Right (W)|Error| V (km/hr) 
Using Solver: 


- , 1 V ; 
Cycling into the wind: P= E $- -p-A-(V + al © -V 


[E V emm]‏ لکا لباق لا 


Using Solver:| 169 169 


er z 1 ev " 
Cycling with the wind: P= [Fa *- )هم‎ ENS © -V 


Using Solver :| 169 169 


With improved tires and fairing: 


2 


3.5 ې 
Cp= 0.9‏ 


Left (W)[Right (W)| Error] V 
Using Solver :| 169 0% 


— : 1 AA لته‎ : 
Cycling into the wind: P= E ESPDA VAN w) Cp 


RI KER [Error] V C 


Using Solver:| 9 169 
: ] : 1 A 2 : 
Cycling with the wind: P= E +> pA(V-V al © -V 
Left (W)[Right (W)|Error| V (km/hr) 


Using Solver | 169 | 169 | 0% | 
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(Fo + Er) V P = 169W P = 0.227hp 


Problem 9.102 


9.102 Consider the cyclist in Problem 9.100. She is having a bad 
day, because she has to climb a hill with a 5° slope. What is the 
speed she is able to attain? What is the maximum speed if there is 
also a headwind of 10 km/hr? She reaches the top of the hill, and 
turns around and heads down the hill. If she still pedals as hard as 
possible, what will be her top speed (when it is calm, and when the 
wind is present)? What will be her maximum speed if she decides to 
coast down the hill (with and without the aid of the wind)? 


Given: Data on cyclist performance on a calm day 
Find: Performance on a hill with and without wind 


Solution: 


The given data or available data is 


E 
Il 
o 
gi 
E 
da 
p 
Il 
o 
N 
5 
= 


Fg = 7.5:N 


Cp = 12 p = 123. V = 30.— 


The governing equation is Fp = 5 V ‘Ch Fp = 12.8N 


ت۹ 
ll‏ 


Power steady power generated by the cyclist is 


Riding up the hill (no wind) 0 = 5-deg 


For steady speed the cyclist's power is consumed by working against the net force (rolling resistance, darg, and gravity) 
i ; 1 2 i 
Cycling up the hill: P = (Fr + PAN ‘Cp + Masi v 


This is a cubic equation for the speed which can be solved analytically, or by iteration, or using Excel's Goal Seek 
or Solver. The solution is obtained from the associated Excel workbook 


From Solver V= 9,47. E 
hr 

1 : km 

Now, with a headwind we have Vw = 1077 
r 


The aerodynamic drag is greater because of the greater effective wind speed 


Fp = 5 ٢ + Vw) "Cp 


The power required is that needed to overcome the total force (rolling resistance, drag, and gravity) moving at the cyclist's speed is 


1 
Uphill against the wind: P= o E p-A(V + s Cp+ Massi) v 


This is again a cubic equation for V 


From Solver V = 8.94. — 
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from 


Pedalling downhill (no wind) gravity helps increase the speed; the maximum speed is obtained from 


1 
Cycling down the hill: P= (ra + 9 p AVi Cp - Mgsin(®)}V 


This cubic equation for V is solved in the associated Excel workbook 


From Solver V= 63.6.0 


hr 


Pedalling downhill (wind assisted) gravity helps increase the speed; the maximum speed is obtained 


1 
Wind-assisted downhill: P= o + a pA(V - Vw) “Cp - Masi) |v 


v = sg E 
hr 
yenas 
hr 


This cubic equation for V is solved in the associated Excel workbook 


From Solver V= 73,0 E 


hr 


Freewheeling downhill, the maximum speed is obtained from the fact that the net force is zero 


Freewheeling downhill: FR + SPAN y - M-g-sin(8) = 0 
2 


M-g:sin(0) — FR 


V = 1 
l.p. A-C 
2 
: Y at 1 2 : 
Wind assisted: FR + P; "^(V = Vw) ‘Cp - Mgsin(0) = 0 
M-g.sin(0) - Fn 
V=Vy+ Tu Tee ~ 
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Problem 9.102 (In Excel) [3] 


9.102 Consider the cyclist in Problem 9.100. She is having a bad 
day, because she has to climb a hill with a 5° slope. What is the 
speed she is able to attain? What is the maximum speed if there is 
also a headwind of 10 km/hr? She reaches the top of the hill, and 
turns around and heads down the hill. If she still pedals as hard as 
possible, what will be her top speed (when it is calm, and when the 
wind is present)? What will be her maximum speed if she decides to 
coast down the hill (with and without the aid of the wind)? 


Given: Data on cyclist performance on a calm day 


Find: Performance on a hill with and without wind 


Solution: 
Given data: 
Fp= 7.5 N 
= 65 kg 
A= 0.25 m? 
Cp= 1.2 
pe 123 kg/m? 
V= 30 km/hr 
V. 10 km/hr 
0- 5 deg 
Computed results: 
1 2 F= 


P = (Fp + Fg).V P 169 


: , 1 
Cycling up the hill: P= [Fat > -P AAPG, + gsi) -V 


i 7 


Left (W | Rinw 
Using Solver : 169 169 


Uphill against the wind: P = ES PA (VA Vw) “Cp + mesalo) v 


Left (W ||) 0 
Using Solver : 169 169 


Cycling down the hil: p= (m 4 > roman - meso) V 


Left (W) || 0 
Using Solver : 169 169 


V 


نت 


Wind-assisted downhill: p = rz ۹ - Vy) «Cp = M-gsinl0) 


Le] Rig) 
Using Solver : 169 169 
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Problem 23 [3] 
79,103 Ata surprise party for a friend you' ve tied a series of 9-in. | 
diameter helium balloons to a flagpole, each tied with a short V ne 
string. The first one is tied 3 ft above the ground, and the other A 
eight are tied at 3 ft. spacings, so the last is tied at a height of 63 Fp 
ft. Being quite a nerdy engineer, you notice that in the steady 
wind, each balloon is blown by the wind so it looks like the angles M 
the strings make with the vertical are about 5°, 10°, 20°, 30°, 35°, Es 
45°, 50°, 60° and 65”. Estimate and plot the wind velocity profile 0 
for the 63 ft. range. Assume the helium is at 70°F and 1.5 psig, 
and that each balloon is made of 1/10 oz. of latex. T Wiatex 
Given: Series of party balloons 
Find: Wind velocity profile; Plot Note: Flagpole is actually 27 ft tall, not 63 ft! 
Solution: 
Fp > 
Basic equations: Cp = E Fp = Pais Vol 27-0 
۸و‎ 
: p 
The above figure applies to each balloon 
For the horizontal forces Fp — T-sin(0) = 0 (1) 
For the vertical forces —T:cos(0) + Fgnet 7 Watex = لا‎ (2) 
3 
T-D 
Here FBnet = FR - W = (Pair = ور‎ 
; 1 
D سب‎ Miatex = ag Wiatex = Matex'8 Wiatex = 9.00625 lbf 
ft-1bf PH 1 
We have (Table A.6) ^ Rp, = 386.1-——— Pye = 16.2:psi THe = 530-R PHe = ———— يم‎ 0.000354 2 
lbm-R Ryo T 
He' 6 ft 
ft-1bf Pair slug 
Rai. = 53.33-——— Pair = 14.7-psi — T4, = 530R p4.- Pai. = 0.00233 —= 
air air air air air 
Ibm-R Rair Tair t? 
nD" 
Fpnet = (Pair - Pue) Ee Fpnet = 0.01401bf 
Applying Eqs 1 and 2 to the top balloon, for which 0 = 65-deg 
F -W 
Bnet lat 
Fp = T-sin(0) "لس‎ sin(8) 
os(0) 
Hence Fp = (FBnet~ Wiatex)'tan(®) Fp = 0.0167 lbf 
2 
1 2 1 2 TD : , ] 
But we have Fp = CO Pav ‘A= د‎ ean EUR with Cp = 0.4 from Fig. 9.11 (we will 
check Re later) 
ft 
V = 9.00— 
5 
From Table A.9 v = 1.63x 10 pd The Reynolds numberis Reg = سن‎ Reg = 4.14 x 10^ We are okay! 


v 
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- 4 


= 4 


- 4 


= 0.4 


= 0.4 


= 0.4 


with 


with 


with 


with 


with 


with 


with 


with 


Fp = (FBnet 7 Wiatex)'tan(9) Fp = 0.01351bf 


ft 
V = 8.09 
5 


3.72 x 10° We are okay! 


20 

® 
a 

/ 


Fp = (FBnet 7 Wiatex)'tan(9) Fp = 0.009271bf 


ft 
V = 6.71 
5 


3.09 x 10° We are okay! 


zx 

D 
a 

Il 


Fp = (FBnet 7 Wiatex)tan(®) Fp = 0.007771bf 


ft 
V = 6.15 
5 


Reg = 2.83 x 10^ We are okay! 


Fp = (FBnet 7 Wiatex)'tan(9) Fp = 0.005441bf 


ft 
V = 5.14 
5 


Reg = 2.37 x 10° We are okay! 


Fp = (FBnet 7 Wiatex)tan(®) Fp = 0.00449 Ibf 


Reg = 2.15 x 10° We are okay! 


Fp = (FBnet ~ Wlatex)'tan(9) Fp = 0.00283 lbf 


Reg = 1.71 x 10^ We are okay! 


Fp = (FBnet 7 Wlatex)'tan(9) Fp = 0.00137 lbf 


V = 2.58 
S 


Reg = 1.19x 10^ We are okay! 


Fp = (FBnet - Wiatex) tan(6) Fp = 0.000680 lbf 


V = 1.82 1 
5 
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For the next balloon 


The Reynolds number is 


For the next balloon 


The Reynolds number is 


For the next balloon 


The Reynolds number is 


For the next balloon 


The Reynolds number is 


For the next balloon 


The Reynolds number is 


For the next balloon 


The Reynolds number is 


For the next balloon 


The Reynolds number is 


For the next balloon 


e 
O O ا ا‎ | 
6 10 


V-D 
Reg = 8367.80 We are okay! 


The Reynolds number is Reg = —— 
v 


ft 
In summary we have V = (1.82 2.58 3.71 4.67 5.14 6.15 6.71 8.09 9.00).— 
5 


h = (3 6 9 12 15 18 21 24 27)-ft 


307 


h (ft) 


10r 


V (ft/s) 


This problem is ideal for computing and plotting in Excel 
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Fp 


xs slug 


0 -sin(0) = p-8:Vol-(1 — SG)-tan(0) 


Fp = 24.5-1bf 


from Fig. 9.11 (we will 
check Re later) 


with Cp = 0.4 


A bit off from Fig 9.11 


ft 
V = 14.65-— 
5 


A good fit with Fig 9.11 (extreme right of graph) 


and from Table A.7 v = 141x10 ~-— حم‎ 4 
5 


Problem 9.104 


9.104 A 1-ft diameter hollow plastic sphere containing pollution 
test equipment is being dragged through the Hudson River in New 
York by a diver riding an underwater jet device. The sphere (with 
an effective specific gravity of SG = 0.25) is fully submerged, 
and is tethered to the diver by a thin 4-ft long wire. What is the 
relative velocity of the diver and sphere if the angle the wire 
makes with the horizontal is 45°? The water is at 50°F. 


Given: Sphere dragged through river 


Find: 


Relative velocity of sphere 


Solution: 


F 

F E D 

Basic equations: Cp = DS Fp = pg Vol 
zPY ‘A 


The above figure applies to the sphere 
For the horizontal forces Fp — T-sin(®) = 0 (1) 


For the vertical forces —T-cos(9) + FR ۷۷ = 0 (2) 


Here D = 1-ft SG = 0.25 


Applying Eqs 1 and 2 to the sphere, for which 0 = 45-deg 


Fg = W 
Fp = T:sin(8) = 
cos 


3 
-D 
Hence Fp = es Ea - SG)-tan(0) 
1 2 1 2 nD 
But we have Fp = Cp: =P- V^A = Cpp سا‎ 
2 2 4 
ft 
V = 8.97.— 
S 


The Reynolds numberis Reg = 1 Req = 6.36 x 10° 
Y 

Try Cp = 0.15 

The Reynolds numberis Reg = خو‎ Reg = 1.04 x 10° 
Y 
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Cp = 1.17 (Table 9.3) 


70 


1 2 
Fn = 2B A. Cp 
D - 25-mm a = 656 
M = 0.0451kg 


60 


V= dog Hb [ (0) 
S y cos(o) 


50 


Problem 9.105 


*9.105 A circular disk is hung in an air stream from a pivoted 
strut as shown. In a wind-tunnel experiment, performed in air at 
15 m/s with a 25-mm diameter disk, x was measured at 10”. For 
these conditions determine the mass of the disk. Assume the drag 
coefficient for the disk applies when the component of wind speed 
normal to the disk is used. Assume drag on the strut and friction 
in the pivot are negligible. Plot a theoretical curve of x as a func- 
tion of air speed. 


Given: Circular disk in wind 
Find: Mass of disk; Plot a versus V 
Solution: 
Fp و‎ 
Basic equations: Cp == uM =0 
1 2 
۸و‎ 
: p 
Summing moments at the pivotW-L-sin(a) — FL = 0 and 
1 2 nD’ 
Hence M-g:sin(o) = ا‎ a "CUM 
¿ kg m 
The data is p= AGE V = 15:— 
m 


T p: V ^-cos(o) z D>. Cp 


8-g-sin(a) 


Rearranging 


We can plot this by choosing a and computing V 


80r 
60r 
E aot 
> 
20r 
0 10 20 30 40 
Angle (deg) 


This graph can be easily plotted in Excel 
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Problem 9.106 [3] 


19.106 An anemometer to measure wind speed is made from four Y 
hemispherical cups of 50 mm diameter, as shown. The center of R 
each cup is placed at R = 80 mm from the pivot. Find the theo- A 
retical calibration constant k in the calibration equation V = Kw, 
where V (km/hr) is the wind speed and œ (rpm) is the rotation 
speed. In your analysis base the torque calculations on the drag 
generated at the instant when two of the cups are orthogonal, and 
the other two cups are parallel, and ignore friction in the bearings. 
Explain why, in the absence of friction, at any given wind speed, 
the anemometer runs at constant speed rather than accelerating 
without limit. If the actual anemometer bearing has (constant) 
friction such that the anemometer needs a minimum wind speed 
of 1 km/hr to begin rotating, compare the rotation speeds with and 
without friction for V = 10 km/hr. 


Given: Data on dimensions of anemometer 

Find: Calibration constant; compare to actual with friction 

Solution: 

The given data or available datais D = 50-mm R = 80-mm p= 12358 
m 


The drag coefficients for a cup with open end facing the airflow and a cup with open end facing downstream are, respectively, from Table ! 


CDopen = 1.42 CDnotopen = 0.38 
y i ; 1 2 
The equation for computing dragis Fp = PAV -Cp (1) 
nD? 3 2 
where A = EN A =1.96x 10 "m 


Assuming steady speed o at steady wind speed V the sum of moments will be zero. The two cups that are momentarily parallel to the flow 
will exert no moment; the two cups with open end facing and not facing the flow will exert a moment beacuse of their drag forces. For eac 
the drag is based on Eq. 1 (with the relative velocity used!). In addition, friction of the anemometer is neglected 


1 2 1 2 
YXM-20- ET —R-w) open ® Y + R-w) CDreropen|® 


2 2 
or (V —R-w) ‘CDopen = (V +R-w) "CDnotopen 


This indicates that the anemometer reaches a steady speed even in the abscence of friction because it is the relative 
velocity on each cup that matters: the cup that has a higher drag coefficient has a lower relative velocity 


2 2 
۷ ۷ 
Rearranging for k=— = Tel =|-+R|-C 
ging m | ) Dopen | 7 ) Dnotopen 
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CDnotopen 


1+ km 

" xm 

D h 

Hence k = Spe ae ph k = 0251m k = 0.0948 — 
CDnotopen TPED, 


CDopen 


For the actual anemometer (with friction), we first need to determine the torque produced when the anemometer is stationary but 
about to rotate 


Minimum wind for rotation is Vo = تو‎ 
min m 


The torque produced at this wind speed is 


1 2 1 2 
Tf = (EA Vmin کو‎ nin <ppercpen] ® 
-6 
Tp = 7.75x 10 70 


A moment balance at wind speed V, including this friction, is 


1 2 1 2 
mM = 0= ع‎ —R-w) open ® = E +R-w) Cpropen ^ -T, 


2 2 21 

or (V —R-&) *CDopen 7 (V د‎ R-&) ‘CDnotopen = R-p-A 

; ٩ و‎ km 
This quadratic equation is to be solved for œ when ۷ Ne. 

r 
After considerable calculations w = 104rpm 
This must be compared to the rotation for a frictionless model, given by 
تک‎ M سه‎ 
“frictionless ^ Y “frictionless = 105rpm 


W = Ofrictionless 


The error in neglecting friction is = 1.12% 


w 
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2 ٢-٢٧۳-57 


Problem 7 


Given: Single “vane Anemometer mode from brass plate, t thick, 
with how 20 mm and Qr» J0 mm. oe 
à : Fivot خو‎ | 
Find: (A) Rtlatonship Ar Wind Speey که‎ 
û functor of deflection angle, l. 


&) Plate thickness to Give pezo" 1 
at V =0 mis. 


bolan: Sum moment About pluot, NI 


EM = hy 2 -mg Psp =0 I = 10 mm 
NF د‎ 


AEN 
FN OA ANa = M9SiNS 
Da FEV “toss = main ® | (i) ma 


Wy 
اا‎ =| 2 dne ] 
CoA g costa 


From plate geometry, rr =P Wht = ږم 6ک‎ At. From Eq 4, 


Sfm gl ht sine = DAL eV costs {Fom BERAN, So FS fee brass} 


t= onpVioss ۵۷۰ conte 


DEV Coo S site 4 = uh 
253 Pg urh 5/064. 226 / کی‎ neg 


Fom Fug. 9.10, Cp * z at b/h = 2.0, 5o 


ck 


L 
= 12,123 k9 homt, ړز وګ دمه‎ ae. Sx 00 
PSS د‎ Ms se "SHG kg “sin (x08) TE m پور‎ 
t= 1,30 mn 
- SS 


j 
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ETS 5 SQUARE 


Q SHEETS 5 SGUARE 
iu SHEETS 5 SQUARE 


woo 
X 


CMM 


Problem 9.108 
Given: Experimental data, for ه‎ Sky diver With Mx 75 keg: 


Frone, spreo.d - cag (ed CoA = DES m* 
Vertical fad! CoA = 0.11 mè? 
Find: Estimate time and distance, needed ya reach FS percent ot 
terminal speed At 3000 m aM de 0n à standard dan. 
Solution: From Table 4.3, م/#‎ #0: 7423 At 3000 0 , 
Consider frer- Bae Magram of Sky diver; 


B t 
Fy = mg ~ Fi = mg “CoA QV* = may =m X «mv aa 


At emindi SoceQ, Ay =O, THen mg = o A Zek” mg 
د5د‎ Y z = Ema. , fre a.d Lav V, dí 
Zo ap m ve, 3 UE Vt (VA). 


1 - Agva -(M ya 
F d 2$ E) 


Integrating Mus = tank Uv. ys LES = ae j t= BM 
ا‎ e يل‎ T Vu 
Integrating, s a "7 RS E: 
E fed l ۷ é. 1. 
A ٢ = و رع‎ a 16 Vp | y 
5 i- (VA, )* gi Ay 22 J F | 
Calcujahng for (QA - b8sm*: 


V 2, 7r روو‎ E 
t [3 اس و‎ ELET, 0 ada]. په لگ د د‎ 


es 183 Ve a 1.83, A BE phy e - BHS 


J Em 


= bM LLL sy mt o $ u 
y 3 iw Tr و ووو‎ 


TAbu Ia fing: POS rhon Ve t g 
(m/s) (57 (m) 
rane 43,5 & n 224 
Vertical 21 22.6 1,730 


These Art estimates; dens tty wad vary مورد‎ kitten Hey during 
this fat. 
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Problem 9.109 [3] 


Groen: ۴-۷ Aircraft Slowed by dual parach ul <4, COCK ۱8 Fe In 
cha meter. Cart co€ig^s 32,000 bt, (tds AF Ibo tet. 
Negrect drag of Rivera tt, brakes nod ep led. 


Find! Tie regeuired ty decelerate Jo (00 kk, 


Soletion: Apply Meustons second law of motion, defi ition of G 


Baste Equations: ZE, mx y 


= Eb | 
o 8 4 
و‎ x 


Then 


2 ="A=- 24 = - W dy 
Fy P e م۷٨‎ > máx aR (0) 
or m 8 وم مه‎ A p 
| wW 
integrating , 
(Ed Y, | 
See d -4] د ودک * پس له رد‎ DEJA 
== o. m - dt = = 
v یک‎ v 7 "RE"? Í 
P | | 2 LS 
4 NC ie -&] Since Two chutes (asc e hemispheres), 
D/gALVM ٧ A = Zp) = ED? 


HA Table 0.3, C, =142 for ee ini stream. Fer standard 
c, Y دت‎ On tof /fe 3, ang . MES E 11 


é= Stott | pa وه‎ paa x deco 5, O اه‎ 
* Lg “0.015 حا‎ m TE CA 705 os 2d Ae ^ Logo fe 


or 
É = 2455 


To frd distance, غک‎ ax = ES Then, farm E, /, o 
is a m Wyda 
Co (VA و‎ ve 
and dV wAPF 
Gon aa ووک‎ 


Integ rat: ng, 


u Y 
[5 dr اس‎ = us M > - DAI, or Rer PME 
v V y V pU Capg V; 
Thes 
_ ر ا‎ 32000 £ /00 | = (2 
Ke trga ANUS 0» a E js 
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Problem 9.110 Bl. 


Given: Land Speed record vente at Bonneville Scit Fats, elevation 


4400 ft. Engme power, P = S00 ^o, frontas arca, 42/5 ft? and 
Cp ند‎ ٢ 


Find! Theoretical maximum Soted (a) in sitiar, (b) 2am ph read 
Luna, 


Solution: Apply defin Hons of Power, crag coefficient, 


Co m puting eguatons: P= Fav, Co = تر اس نه‎ 
£e Wu)*a 
Assumptions: (1) Neglect milling drag 


(2) P « 0.878 fa (Table 413) 
Fer no tend case, V, =0, and 


2s B=Fov = ؤو‎ م٧۷‎ = Cp PVA | 
S NE 2 te 
V = 2, SOO heg A LL. V SSO FE Meh | Shug fe 
١ è Ey zs -fa o. $78 )5.002 37 Shug وه‎ 15 E 3 hp. 5 د سی وړ‎ 
V= 48? Afs (3233 moh , 


GM MEM CM EE. (m 


P = FV = Eelt AV or Blap) = tx xo (vov)! v (EYD | 


W: +A a head Luna, 


This Can be Solved by franco n. Using Vo = Zo mph or 249.3 ft/s, 


V Eg n Platting: +00 
Cf le). lhe) 
AAA و‎ 
| Hoo 315 Regi red E00 
j 470 Sol (hp) : 
Eo 5394 
too 
ao USD $00 | 
Ground Speed, Y (ft ds? 
From the plot, Y به‎ 468 tejs (319 mph) Y 
- ____—_----E--Aá—á—+ aI 


Note that the mMAx imam Sece ed ور‎ fat peduced Uy £O rof LUEN } 
loma 15 present, because drag ته‎ NeAh Nar. 
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Problem 9.111 


9.111 Compare and plot the power (hp) required by a typical 
large American sedan of the 1970s and a current midsize sedan to 
overcome aerodynamic drag versus road speed in standard air, for 
a speed range of 20 mph to 100 mph. Use the following as repre- 
sentative values: 


Weight (Ibf) Drag Coefficient Frontal Area (ft?) 
1970's Sedan 4500 0.5 24 
Current Sedan 3500 0.3 20 


If rolling resistance is 1.5 percent of curb weight, determine for 
each vehicle the speed at which the aerodynamic force exceeds 
frictional resistance. 


Given: Data on 1970's and current sedans 
Find: Plot of power versus speed: Speeds at which aerodynamic drag exceeds rolling drag 
Solution: 
Fp 
Basic equation: Cp = 
1 نک‎ 

s : 1 A A : , > 
The aerodynamic drag is Fp = pz pv -A The rolling resistance is Fp = 0.015-W 
Total resistance Fr = Fp+Fr 


19705 Sedan 


W= 4500 lbf 3500 lbf 
Usa 0.5 0.3 
A= 24 fc 20 ft? 
p= 0.00234 slug/f? (Table A.9) 
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67.5 59.0 52.5 52.5 


The two speeds above were obtained using Solver 


Power Consumed by Old and New Sedans 


150 4 
— —1970's Sedan 
120 | Current Sedan 
90 - P d 
A 
60 - ai 


20 30 40 50 60 70 80 90 100 
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P (hp) 


[3] 


Power to overcome drag; Maximum speed; Recompute with new fairing; Time for fairing to pay for itself 


1 
p= 0.00234. 2 


ft 
P = 63.8hp 


V 


max = 95.9mph 


Phew = 57.0hp 


V nax = 4 


m 


dollars 


Cost, = 200- 
day day 


Gain = 89.5% 


wle 


4 ft-lbf 
5 


Phew = 3.14 x 10 


The fuel cost is 


P new 


Gain = 


dollars 
Cost, = 179 —— 
daynew day 


dollars 


Saving = 21.1 d 
ay 


T = 7.02 month 


Problem 9.112 


9.112 A bus travels at 50 mph in standard air. The frontal area 
of the vehicle is 80 ft, and the drag coefficient is 0.95. How much 
power is required to overcome aerodynamic drag? Estimate the 
maximum speed of the bus if the engine is rated at 450 hp. A 
young engineer proposes adding fairings on the front and rear of 
the bus to reduce the drag coefficient. Tests indicate that this 
would reduce the drag coefficient to 0.85 without changing the 
frontal area. What would be the required power at 50 mph, and 
the new top speed? If the fuel cost for the bus is currently $200/ 
day, how long would the modification take to pay for itself if it 
costs $4,500 to install? 


Given: Data on a bus 


Find: 
Solution: 


1 
Basic equation: Fp = 5 PAV" Cp P = Fp: V 


The given data or available data is V = 50-mph 


1 2 


Prax = 450-hp 


The power available is = 


The maximum speed corresponding to this maximum power is obtained from 


1 2 
Pmax = ت6‎ mas Cp) Vmax OF 


We repeat these calculations with the new fairing, for which 


1 2 


The maximum speed is now max : 


The initial cost of the fairing is Cost = 4500-dollars 


The cost per day is reduced by improvement in the bus performance at 50 mph 


The new cost per day is then Costdaynew = Gain: Costgay 


Hence the savings per day is Saving = Costqay - Costdaynew 


Cost 
TS 


1 Saving 


The initial cost will be paid for in 
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Problem 9.113 


Gwen: Teactr -troir rig, leith A= ot t5 Cp 30.9. Rotting 


resistance IS 6 1b per 1000 lef; Lo 72,000 /&f. BSFC is 0.3% lera الوا‎ 


FE 


Hd = 6.96, ard P = G.F erm fgas. Truck travels 0,000 mi /yr, 


Finds (a) Estimate fue) economy A+ SS mph. 
(5) Rie! Saved by air oefiechry Thar reduces 65 by IS percent. 


Solution: Tractive force 15 Ey = FR + Fp tt aerodynanye hr 


* roiling resistance frer 
Engine Power is Paz FT 4 Fry 
a al 
7171٤ 
FRE Ce W = 600b, 72,000/bF m 432 lof 


Fo=GAtevi V=SSru, Stott, bn کرد مول‎ 
hr mi 3b00 5 


, OOO L3? Sleg (25.3 m As Hof c Fit do 
: UL. ui X m = 


Fp = 0.9, oz fi 
Sieg 


Mila 


Fr= Fet Fp = 3L 47u = 1190 fef 


T 4 * 
_ divo tf 5,7 خم‎ / i di NO 
^i x ود‎ to NE 
Finally 
FESE tee HOG Tp. BOR j bahr oL ; 
fev A b veut همس‎ cw auos al 
A 8sFe gat” A BR 0054 ibm 3 mil 


a ا‎ 


TES 


bith tht Gir detlecr, 
Fp = (1-0.18) Ti HE = Gov lbf 


Fr = حم چم‎ = 1314 604 = 1040 lbf 


ri‏ اس کل E‏ 07 ا 00 ے وم 
E á S&S A r " 2 hp‏ 
OAY FE = £89 E 55 pie Eid bp he = 65.22 (uc al‏ 
3/ َ" مو ټک ور gar Ar “bb‏ 
Luo ld be‏ 09ب 64د The fuel‏ 
Pig {920 Gal‏ 120/00 هو / i mileage. l‏ سو AA‏ 
e. Oo Le = r‏ کش سر mí‏ — په . 
in)™ 1 yr á fs a‏ 3 اه FE A hows E‏ 


The PLENO SQ veis tonta lo be 


as / : 
A2 = ي٢‎ was ام‎ ) = OOR or EGE ېر ےرل‎ (0 vin gu 
i 


FE) دا‎ rfhecut 
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EETS 5 SQUARE 
EETS 5 SQUARE 
EETS 5 SQUARE 


95 
d$ 
0 


42-3281 5 
42.382 10 
43.389 200 5 


maera RA 


aa 
نس‎ 
Wao د سه‎ 


Problem 9.114 [4] 


9.114 A 165 hp sports car of frontal area 18.5 ft”, with a drag 
coefficient of 0.32, requires 12 hp to cruise at 55 mph. At what 
speed does aerodynamic drag first exceed rolling resistance? (The 
rolling resistance is 1% of the car weight, and the car mass is 
2750 Ib.) Find the drivetrain efficiency. What is the maximum ac- 
celeration at 55 mph? What is the maximum speed? Which 
redesign will lead to a higher maximum speed: improving the 
drive train efficiency by 5% from its current value, reducing the 
drag coefficient to 0.29, or reducing the rolling resistance to 
0.93% of the car weight? 


Given: Data on a sports car 
Find: Speed for aerodynamic drag to exceed rolling resistance; maximum speed 8 acceleration at 55 mph; 
Redesign change that has greatest effect 
Solution: 
; : 1 2 
Basic equation: Fp = oe ‘Ch P = Fp: V 
The given data or available data is M = 2750-Ibm A = 18.5- Cp = 0.32 
slug 
Pengine = 165-hp Fp = 0.01x Mg p= 0.00234: 
ft 
The rolling resistance is then Fr = 27.51bf 
To find the speed at which aerodynamic drag first equals rolling resistance, set the two forces equal ۹ ۰ Cp = Fr 
ft 
Hence V= V = 63.0— V = 43.0mph 
5 
To find the drive train efficiency we use the data at a speed of 55 mph V = 55-mph V = 80.7 E Pengine = 12-hp 
5 
The aerodynamic drag at this speed is Fp = T p. V^A-Cp Fp = 45.1Ibf 
The power consumed by drag and rolling resistance at this speed is Pused = (Fp + Fr) V Pused = 10.6hp 
Pused 
Hence the drive train efficiency is n= n = 88.7% 
Pengine 
The acceleration is obtained from Newton's second lavM-a = =F = T- Fp - Fp 
where T is the thrust produced by the engine, given by T= E 
۷ 
The maximum acceleration at 55 mph is when we have maximum thrust, when full engine power is used. Pengine = 165-hp 
Because of drive train inefficiencies the maximum power at the wheels Pray = Pengine Pmax = 146hp 
: ; Pmax 
Hence the maximum thrust is Tmax وو‎ T max = 998 1bf 
۷ 
1 = Fp با‎ 
The maximum acceleration at 55 mph is then ajay = AAA amax = 10.85 
5 
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The maximum speed is obtained when the maximum engine power is just balanced by power consumed by drag and rolling 


resistance 
: 1 2 
For maximum speed: Pmax = 5 PV max :A-Cp + FR |V max 
This is a cubic equation that can be solved by iteration or by using Excel's Goal Seek or Solver V nax = 150 mph 
We are to evaluate several possible improvements: 
For improved drive train "275926 n = 93.7% Pmax = Tl Pengine Pmax = 155hp 
1 2 
Pmax = 5P Vmax دا‎ + Fg |’ Vmax 
Solving the cubic (using Solver) Vmax = 153 mph 
Improved drag coefficient: CDnew = 0.29 
1 2 
Pmax = 7 0 Vmax “A-Cpnew + FR | Vmax 
Solving the cubic (using Solver) Vinax = 158 mph This is the best option! 
Reduced rolling resistance: Frnew 18 Frnew = 25-61bf 


1 2 
Pmax = (Vmax ACCp + Ren) Vax 


Solving the cubic (using Solver) V nax = 154mph 
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Problem 9.115 4h 


Given: Round, thin diste of radius, E, with pressure data; 


Cp. = (Ey (fron +) 


o = Our (rear) Vo. | 


Find: Calculate the drag coe ££ cents, C. 


C5 = 7?-fa = يا قا‎ TRE 
- تل ټ‎ 
ور‎ zev*A 


Assumphons: (0) SAA y, Incorrpressible Flow . 
(E) Neglect shin TIROA drag (Sisk thin, €d2€ AMA Sadi) 
A 
Then 0 = Le. L be -enda Le) errar 
D Laven a y C DLL LUE 
e ¿lv? TK FOV? ree 


om defa of Go, Pe مو‎ Gzev , Pr = fot be dev? 
ana fy - = (Co - لي‎ øv? 


Subsh Heating j F 


i 
. zeve] Cape.) errar ES : 
Co = 2 "RR AO a £ [tr 5 y ال‎ 


FA 
Seve TR? E 


saf Guay 1G 46) = 2 [my ار‎ 


2 (0.710 = û. T4) 


i 


Cp = 17 Cp 
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Solution : Corn puting tquahons AN 


SQUARE 
SAARE 
SQUARE 


د دی 


د حا 


Problem 9.116 [5] 


9.116 Repeat the analysis for the frictionless anemometer of 

Problem 9.106, except this time base the torque calculations on مه‎ 
the more realistic model that the average torque is obtained by in- A 
tegrating, over one revolution, the instantaneous torque generated 
by each cup (i.e., as the cup’s orientation to the wind varies). 


Given: Data on dimensions of anemometer 

Find: Calibration constant 

Solution: 

The given data or available datais D = 50-mm R = 80-mm p= 12358 
m 


The drag coefficients for a cup with open end facing the airflow and a cup with open end facing downstream are, respectively, from Table ! 


= 1.42 = 0.38 


CDopen CDnotopen 


Assume the anemometer achieves steady speed o due to steady wind speed V 


The goal is to find the calibration constant k, defined by k = x 
w 


We will analyse each cup separately, with the following assumptions 


1) Drag is based on the instantaneous normal component of velocity (we ignore possible effects on drag coefficient of 
velocity component parallel to the cup) 


2) Each cup is assumed unaffected by the others - as if it were the only object present 
3) Swirl is neglected 


4) Effects of struts is neglected 


aR 


Relative velocity 
= Vcos0 - oR 
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In this more sophisticated analysis we need to compute the instantaneous normal relative velocity. 
From the sketch, when a cup is at angle 0, the normal component of relative velocity is 


(1) 


Vy = V-cos(8) - wR 


The relative velocity is sometimes positive sometimes negatiive. From Eq. 1, this is determined by 


(2) 


(3) 


A =1.96x 102m 


-R 
0: = sco 22) 
۷ 


For 0< 0< 8¢ 


0¢ < 0< 2-7 — Oe 


0¢ < 0 « ٢ 


The equation for computing drag is 


where 


In Eq. 3, the drag coefficient, and whether the drag is postive or negative, depend on the sign of the relative velocity 


Fp > 0 
Fp < 0 


Fp > 0 


2 
و 


TU 


T 


1 2 1 1 2 
Tay = +| gem :CDopen R 49 - — g PA YR "Cpnotopen R 9 
0 


9c 


Cp = CDopen 
Cp = CDnotopen 


Cp = CDopen 


1 
T = Fp:R = 5P Vs 


1 2-7 1 T 
Ta 1 0ل‎ = 2j T d0 
8V 2r J 


9c 
1 


T 


For 0-0-6 
0 0< 2-7 — 6. 


6c < 0 < 2m 


The torque is 


The average torque is 


where we have taken advantage of symmetry 


Evaluating this, allowing for changes when 0 = 0, 
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0 


c T 
: -A-R 2 2 
Using Eq. 1 Tay = = . Cepes | (V:cos(0) — w-R) d9 — Casi | (V-cos(8) — w-R) 0 
c 
0c T 
ھم‎ ۷ ^ ۷ I 
av ^ EUR CDopen' 6 - R) d0 — CDnotopen' 6 = R) dé 

0 6c 

and note that = =k 
w 
1 ; 2 2(1 : 1 . 2 
The integral is (k-cos(0) - R) 00 =k. 5; Ups) + ri — 2-k R:sin(0) + R 0 
: A 2/1 : 1 : 2 
For convenience define f(0) =k- nO) + 2i — 2-k-R-sin(8) + R 0 
p-A-R 
Hence Tay = 2.7 [CDopen'Í (ec) E Cpnotopen (f (m) -f (89))] 
For steady state conditions the torque (of each cup, and of all the cups) is zero. Hence 
Cpopen f (c) 5 Cpnotopen (f (m) - t (8c) - 0 
8 
Dnot 
or £ (8) = دن‎ NN 
CDopen ES CDnotopen 
C 
1 1 Dnot 
Hence k^. 6 ٢ ٠" + 50.) = 2.k-R-sin (0c) + R0 = ment — + Ra) 
2 2 CDopen T CDnotopen 2 
Recall from Eq 2 that 0. = acos 22) or 0. = x 
۷ 


G 
1R 
Hence ie د + ت ۴ تت‎ E) — 2-k-R-sin 5) + تا د‎ = S A + Ra) 
2 k k 2 k k k CDopen + CDnotopen 2 


This equation is to be solved for the coefficient k. The equation is highly nonlinear; it can be solved by iteration or 
using Excel's Goal Seek or Solver 


From the associated Excel workbook ik 


k = 0.316-m k = 0.119- 
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Problem 9.116 (In Excel) [5] 


9.116 Repeat the analysis for the frictionless anemometer of 
Problem 9.106, except this time base the torque calculations on 
the more realistic model that the average torque is obtained by in- 
tegrating, over one revolution, the instantaneous torque generated 
by each cup (i.e., as the cup’s orientation to the wind varies). 


Given: Data on dimensions of anemometer 


Find: Calibration constant 


Solution: 
Given data: 
D= 50 mm 
R= 80 mm 
C popen = 1.42 
C Dnotopen =, 0.38 


À 0 
2) 1 ٨ R 1 R R R Dnotop 2 2 
k -| —-—-sin| acos| — کو‎ — E acos| — | +R as Sjon MP gS ge 
2k k)) 2 ky رع‎ k Cinge E A 2 


k= m 
k= km/hr/rpm 
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Problem 9.117 
Given: Object of mass, m, falling in air down mail chute, Y 
Mohan is sttady. 
Wake ara ût 3 i5 Sy, of Chute area. 


Presstare 15 Censfand? on cake. 


Find: Expresso hr 2 f Saeco of abject. 


Li n . 8 ie zV 
Solution: Choose A lv moving with the object, Y b =4 
Apply continmty, Bernoulli, and Y mamentum. 

D . =o) X 

aste ع وه‎ 6 ٥٤ Oz Veda 

7 Alcor 24 ET 
7 سو‎ MM 
E +g +% “ape 
*O(/) 
Fsy + FBy = د‎ Up at + یهن اا‎ 

Assumptions! (1) Steady flow relative to CV G) Neglect Az 


E) InComp ressible ¥ lou 
E) Neglect achoa 
(4) fou Along A Stream lint 
| 6 ملا‎ tener Flow and pressures at (7) ard ÒO. 
From Corta tar yy 


C) Ab net floru د‎ wake 


ó = eva «(ew al سو 4ک‎ - ۷ 
From 59 ال‎ 
= l EN De e uL L = 2 
Pi م-‎ = e det و‎ م٧۱‎ si] = tefi] 
From momentum 
PIA -pua mp =U )و‎ rr fro] m eva (Ve -v) در فا هبام‎ 


or 
Cp,- .)A RU = م‎ (à -1) 


Subst Rating tor ردي‎ > 


۱٢ 2/4) +1]‏ نو mg‏ و me Su)‏ و وو اول 


Thess T s Hs 
ea @)* -2(@) +1 


AV 
where A, IS the net tio a vie Spp das o (5x 
" ۱۳/١ Get 


EETS 5 SQUARE 
FETS د‎ SQUARE 
EETS 5 6 


مرکم 
* 
EE] [ETT‏ 


Problem 9.118 M 


PL 


معئسپ-س چم 


Given: Olyect fasting in air down Chute, 
V = 3 mis 
Prichorias effects negligible , 
Find: (A) Flew speed, Va, relative to object. 


(6) Static Pressure Pu. 
la) Mass of 2 


Solution: Choose a lv moving Lori Object, Apply 
Continuity, Bernoulli and Y momentam., 

, =0(+) 
Basic tguañhons: d= J: (dv UE 


t A = Pa Ve 
70(/) 
fs, t Fey = f veiw +f velud 


Assiumptans: (1) Steady flows relativa to CV (7) Ala met flow in Wake 
@) Interngress ble Flotes 
(3) Neg lect f chon 
(¥) Hao Along a S rr 110€ 
(5) Mea lect 43 
(bJ Darferro flow and Oressures at (D and ©. 
Then fram dan tance teg, 


0 = AWA, $ tev. as} o = 4, کل لل 0ک ي‎ "s 
ie ۱ {te 5 Y, A 2 v mf. [5 


From ٤۰ 
PLE PAZO? = tev = pitte i-te] 
فا 123 ایت‎ (3)* a fa] Ave st 3 z 
P2Ggage) = 3: S e, Gof ge = -133 N/m* (gage) 


From mominten 


PAPAL “MB د د‎ eva] T | وام‎ 4) -evA (v vi) -puta (e - (| 


Y, = V Uy = Y 
This 
m = BF. - evt su] 
سل‎ r " 
20.00 mx SL. | BEN Agi m _ LES IQ DL T 
E 4.81 al nas MS m3 sE laz -1) 4.84 Kg mM 
ii سینسښ-ځنستسپني-‎ 
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^P 
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Problem 9.119 


Given: Pace te betel mera in nues Curnrent AS Sheu 


Assume only one Fadde area ALT | >, 

paddle equivalent \ 

S immersed at a Drag — 

time. coe FAcient, Co i 
Pind: Expressions fur (a) free, V — > 


Cb) torque, ana (C) power 


produced by the whtti, and find optimum angular speed, 
Solution: Computing eguahons Fo “pA LO Ves 


7 fpf , P 7t 


Asstemphons: (1) Meg fect ar ESIS ta ACE, Since fair < footer 
C) Use Velocity nta soe. to tHe pau le 


Thes Vey = VoU = V-Kw 
fp lo AL "۷م‎ = GAsev-u)* 
The Wroue is 
م٨‎ = CLA dolv-v)te 
The power As 


7-۱0) وځ A‏ ¢ = ه67۴ هځ( و > P= Tw‏ 


To op timize power, set dP | 


do "9? 


de - GAielztv-oeepstv-u] = 


Cancelling & factor (V-U) gives —ZU *V-U-o or V-3020 
Thus U= Rw=¥ مد‎ 


Mp, = 4 


Ey- pt 
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EETS 5 SQUARE 
SHEETS 5 SQUARE 


SHEETS 5 SQUARE‏ زار 
SH‏ 100 42.382 


47.389 200 


42-321 
Rara 


Problem 9.120 [2] 


9.120 A light plane tows an advertising banner over a football 
stadium on a Saturday afternoon. The banner is 4 ft tall and 45 ft 
long. According to Hoerner [16], the drag coefficient based on 
area (Lh) for such a banner is approximated by Cp = 0.05 L/h, 
where L is the banner length and / is the banner height. Estimate 
the power required to tow the banner at V = 55 mph. Compare 
with the drag of a rigid flat plate. Why is the drag larger for the 


banner? 

Given: Data on advertising banner 

Find: Power to tow banner; Compare to flat plate; Explain discrepancy 
Solution: 


1 
Basic equation: Fp = 5 PAV" Cp P = Fp V 


The given data or available data is V = 55-mph V= 80.7. £ L=45ft h=4ft p= 0.00234. Us 
5 کې‎ 
2 L 
A = Lh A = 180-ft Cp = 0.05.— Cp = 0.563 
h 
1 2 4 ft-lbf 
Fp = PAT ED Fp = TEBI P = نون‎ P = 6.22 10 يا‎ P = 113-hp 
4 f 
For a flate plate, check Re v2162x10 .— (Table A.9, 699F) 
5 
V-L 7 ' 
Re, = — Rey, = 2.241 x 10 so flow is fully turbulent. Hence use Eq 9.37b 
Y 
0.455 1610 
Cp = —————- Cp = 0.00258 
2.58 Re 
log(Rey ) L 


1 2 


This is the drag on one side. The total drag is then 2-Fp = 7.06-Ibf. This is VERY much less than the banner 


drag. The banner drag allows for banner flutter and other secondary motion which induces significant form drag. 
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D = 10-mm 


(Table A.10, 20°C) 


L = 1.8-m 


Fp = 12.3N 


Problem 9.121 


9.121 The antenna on a car is 10 mm in diameter and 1.8 m 
long. Estimate the bending moment that tends to snap it off if the 
car is driven at 120 km/hr on a standard day. 


Given: Data on car antenna 
Find: Bending moment 
Solution: 
: : 2 
Basic equation: Fp == PAV -Cp 
í : km m 
The given or available datais V = drm V = 33.3-— 
r 5 
2 
A - 1.10 A - 7 
2 
1 = 
p= 1,225.8 v = 1.50x 10°. 
m 5 
For a cylinder, check Re Re = a Re = 2.22 x 10° 
Y 
y 1 
From Fig. 9.13 Cp = 1.0 Fp = >P ANOS 
; : L 
The bending moment is then: M = Fp a M = 11.0-N-m 
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Problem 2 [1] 


9.122 A large three-blade horizontal axis wind turbine (HAWT) 
can be damaged if the wind speed is too high. To avoid this, the 
blades of the turbine can be oriented so that they are parallel to 
the flow. Find the bending moment at the base of each blade when 
the wind speed is 45 m/s. Model each blade as a flat plate 35 m 
wide and 0.45 m long. 


Given: Data on wind turbine blade 
Find: Bending moment 
Solution: 
; 1 1 2 
Basic equation: Fp = PAV -Cp 
The given or available data is V = 45: L = 0.45-m W = 35m 
5 
2 
A -LW A = 15.75m 
k 5 m 
= 1225.5 v = 1.50x 10 .— (Table A.10, 20°C) 
5 5 
v-L 6 
For a flat plate, check Re Re, = — Rey, = 1.35 x 10 so use Eq. 9.37a 
Y 
0.0742 1740 
Cp = = Cp = 0.00312 
1 Rey, 
Rer. 3 


1 2 


= M = 1067-N-m 


The bending moment is then M = ود‎ 
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Problem 9.123 [4] 


9,123 The HAWT of Problem 9.122 is not self-starting. The 
generator is used as an electric motor to get the turbine up to the 
operating speed of 20 rpm. To make this easier, the blades are 
aligned so they lie in the plane of rotation. Assuming an overall 
efficiency of motor and drive train of 65%, find the power re- 
quired to maintain the turbine at the operating speed. As an 
approximation, model each blade as a series of flat plates (the 
outer region of each blade moves at a significantly higher speed 
than the inner region). 


Given: Data on wind turbine blade 
Find: Power required to maintain operating speed 
Solution: 
; ; 1 2 

Basic equation: Fp = soy -Cp 
The given or available data is w = 20-rpm L = 0.45-m w = 35-m 

k 5 m 

p= 1.225- = 150x10 ^. (Table A.10, 20°C) 
- S 
€ : "S V(w)-L 6 
The velocity is a function of radial position, V(r) = r-w, so Re varies from 0 to Remax = Remax = 2.20 x 10 
v 


The transition Reynolds number is 500,000 which therefore occurs at about 1/4 of the maximum radial distance; the boundary layer is 
laminar for the first quarter of the blade. We approximate the entire blade as turbulent - the first 1/4 of the blade will not exert much 
moment in any event 


L L. 
Hence Re(r) = —- V(r) = je 
v v 
1 
zad 
0.0742 1740 0.0742 1740 = 
Using Eq. 9.37a Cp = = ZA = 0.0742: £ -T 5 _ 11740 E. Tr 1 
1 Rey, 1 Luo i L-w L-w 
: ې‎ 


Rer. Lue * 0 
v 


The drag on a differential areais 0۳ = ۹ ور‎ Cp = SPL" Cp. dr The bending moment is then dM = dFpyr 


٧ 
1 
w [ee 
1 1 - 
Hence M = 1dM = EY Co dr M = A 0.0742. Z Ul ag - 1740 —— |r 1 dr 
2 2 Lw L-w 
0 0 
WwW 
1 1 
z" B c 
1 1 5.0.0742 1740 
2 L:w Lw 2 19 L-w 3 L-w 
M = 1.43-kN-m Hence the power is P = Mw P = 3.00kW 
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: 


Problem 9.124 
Given: Small droplets of oil (SG =0.85) rising in water. 
Find: (a) Relotronsh 10 hr termina) Speed, Ve (mls) , as a function of 
droplet diametern, Blin mm), 
(b) Range of D fer whieh Stokes Flow 1i a reasonable Qssumphon. 


Solution: Draw ree - bode, dia gu m of coo Jet , Apply ۸/۵ 5د 4م‎ second tan, 


Basic equaton: FFy ې ورت‎ + Fg -Fp * mos ۷ pe P 
Assume} Stokes’ drag laws, Fo = BEAVD, for Re < 10 o A 
, 4 
Then -pHa * هم‎ Vd, Smau XP ED A terminal Jed, Wp, | 
fo 
Solvin (p fo) 
ږو‎ Ve = Ciro fo ¥% | Pmoli-S6) TO?_F USED, 
. 3T. D "4 S740 TES 
Evatuahng, 
V, [mis ( NC D» D* mm* 9.81 /7 x Ii SE o ul FEX 
xc). ۸ mtu O 


Vedmis) = tolit [Dono] 


| 


for Stokes flows, RES! ټک‎ 


Re = CME VeD (I Sm) Dg. o 


a > E 
زو‎ 
> b 
کم‎ > ٤# e خد )يون‎ F 
(1756. 4. (Sg J3. 
هله‎ 9 
D «)/4 00 (o ^ )* Un uas % = " 
DES ux OE) M = 2.31 X ip^" nm (0.231 mm) 


Thes Stokes’ flows will ba A va lid assump hin for: D<0.23/ mm. 
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SHEETS 5 SQUARE 


O SHEETS 5 SQUARE 
O SHEETS 5 SQUARE 


nog 
A, 


مرګ 
r‏ 
Won EA‏ 


[2] —. 


Problem 9.125 
Given: wind hannel with Sonor AIL AOAN 1 
Sphere with D* 30 rm ûn a foree 8 
State pressure لر يا‎ 4o ء‎ le mo (oif, SE د‎ 0.85) 
Fadi (a) Preestream air speed 


(6) Reynolds number for Flow 0ve^ sphere 
(£) Drag Arte ba Sphere, 


Solichon ! Apply Bernenlk 1 ه7‎ #2 PEED 
(S) 


tee bole be وم رم + مھ‎ we A 


AsStume! (1) Sado Plas 
(2) Incompressibie flows ۰ 
(3) Faw along a stream line 
(4) Ab Aric Theo (neg ket honeycomb and for کو د سه دی‎ 
(5) Meg lect 3 
(C) Vos ۵ 


Thea pan~pttey* or ve Ez zB 
But fp -/ G Ah = ~ 56 Pho 44 


1 2 56 Pito : a 


á ES 
ne 
y i 2 (0.86), 1000 لل‎ rn , (- botre A 23,3 mjs ۷٧ 
"t s? 23 kg 
and v 
Res YD a 2353M 06,687 —— az Fe 
Y z” * Lus xio = m* MAME 
Ke is Suberitéal, BLS are laminar and G * 0.67 
Fo *CpA £ py? 4 = TP 7.07 x07 pit 
TH a be qe 
= 097,10 710 m, Ly 034 103.3) qu 5 
& rn3 zt leg» 
2 F 
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Problem 6 


[2] 
Given: Sonericas hydtogen-ti tied balloon, D= 0.4 M, in Standard air. 
+ à 1 . o 
in stationary air, TA Moving Bir, | u 
3 3 ges 
Y z LÍA = 3 
Fi, A V m/s 
Eu bo? PN 
7 
Fund: Drag Cocer Fent of 4۵ rftoors. 
Solution: Are ly Ale€coTon's Second da of ma Hon, Adra pf Co. 
f مسا‎ ) 
Basic eguañons ; ar = más Cy = > 
PVA 
£ 
Asstimptiens: (i) (خه7 ه8‎ +s مه هد‎ 
(2) A Cbuoyancy of Satioon) = ^» A 
Then a tree, body chag ۍرد‎ Gives Fa 
| & N^» 
From the diagram, Fp = F tan 30° 
/ سن‎ / 346% 0,577 = 9,750 M 
For standard air, p = 1.23 k3/m% Az TD fe, so 
. fo 8 £ Ep 
Oe Tanta So? Sage iri 
J eV A Y d WD 
L- 
C a £ کا 97 پا 076ر‎ Se 97 co AUS C 
D و‎ * 128 keg MEJIA “Deme Ades > ¡A a 
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Problem 9.127 


Given S Feild hockey bali tu pto D=73 mm nd Mmalb0g, leaving Stick 


at Uy -50 mis. Bat & Smooth sphere, 


Find: Estimate distance traveled in horizontal fight fo rcc cs 
speed of ball 10 percent. 


Solution: Apply Newtons second lau af mohon: 4 pb) vw 


Basic equation: ZF, = máy = mM FE mu B 
Thins “Fo * “DAE * = mug or dw سب‎ £m dU 
=< Cp AP U 


Check Ke to find Cy (use v at T = IS9C from Table A 10) / 


Kes UoD = 507. 0.075 m, > e = 2,857 x iO ) لك 2و‎ ar) 
v 5 496 RI E m+ 


From Fig. 9.1, flous (5 Suber i ca! and Co 209.479 = Canstant, 


Thus — 
% -fde = d £m du ..: 


- £m. U E DE 
مي‎ U CpAP h a SAP & 
d 2x k 4 

fo =‏ ربت 
hw (2) = 13.9 m‏ شت لل کس X 0 SiL‏ 


هی ———_— 
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ETS 5 SQUARE 


50 SHEETS 3 SQUARE 


190 SHE 
200 SHEETS 5 SQUARE 
sa 


[2] 


(Table A.10, 20°C) 


2 


A =7.07x10 m 


Problem 9.128 


9.128 Compute the terminal speed of a 3-mm diameter raindrop 


v = 8.95 2 
S 


Re = 1.79 x 10° which does place us in the flat region of the curve 


(assume spherical) in standard air. 


Given: 3 mm raindrop 
Find: Terminal speed 
Solution: 
; : 1 2 
Basic equation: Fp = rie Cp DF = 0 
kg kg 5 m 
Given or available data is D =3-mm — ppp = 1000.— Pair = 1.225:—7 v = 1.50x 10 iem 
m m 
Summing vertical forces M-g - Fp = Mg Pair A: V^ Cp = Buoyancy is negligible 
3 2 
-D = -D 
M = کن ېم‎ M = 1.41 x 10 "kg A == 
Assume the drag coefficient is in the flat region of Fig. 9.11 and verify Re later Cp = 4 


2.M-g 
Vu qm. 
Cp Pair A 


_ VD 


Check Re Re 


ر1 


Actual raindrops are not quite spherical, so their speed will only be approximated by this result 
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Problem 9.129 [3] 


Given: Smail Zonen fabas throtgh caster bif at lo C; D'* G mm. 


Terminal Speed is bo mms. 


Find: (a) UE Cy ter given SOMETE , 
(b) Density of Shere. tito A 
(6) Com pare terminas gored + (^ Water 


Solution: Agel Newtons second law of motion , defun of C 


Basie equations í ZA, May TESS اا‎ e lo 
| D= Tove NC 
Assume RE41 j So Stokes tious, Fo” Ima DU, | 
E X د يوار دوه‎ UE pou دلو رو و‎ e a bis us des a E l 
From the definition, Noting A / the frontal Area, A» ze, 
€,-2 2 a THON Zya Zy 
A donirao  -س‎ m E 
zOV ^ ze vo PP -PVD Ke 


For castor اه‎ ar HC, عم‎ 0. Ses mt سا‎ A. 2) ana Sê x 0:97 (Table A, 2). 


Ke, s سه سن‎ lo. naa 0.06.20 atem ب‎ Mee d, 399 e v 


Cy z £4 ے‎ 4 
D = 2.659 
Re” 4,399 


From Neustons second law, ^5 * Frusyancy-G =O or 58 = M.-F, Thus 


Fo = پد‎ emg-E, = (6, - 56, Pog or Sés * S&, + ps = 56,(/+ 


i Piro Y 
A Tr 3 E: 2 
x JS 659, ٨ مات‎ im? E 
Ses "TP dar o DUM ie 3.72, M RTE 


water, the net weight and drag must balance, or‏ مد 
/ 
fp" ZOO DA SW- = Ga Eas) or V  | 6-206‏ 
3 
However, Cp 15 a function of Re, So Heration 15 needed. From Fig. 9, 7, C5 30. V‏ 
(over ۵ range af Re, Using Gy *0.9,‏ 


3,8 0.0066 m e 
v JE (Em) (fh os i 0,731 m/s 


لل 


Check Ec : i 
a YO ے‎ 673) 22.0.00 m, SL 3990 Oke | 
TEN 3^ http ifibrobdbl&Gitarios. net 


Problem 0 31 


Solution: The aerve -fif segments Art plotted on و‎ Pola belot: 
Ke=J0 “oo Bau? ger 104 
400 
200 P 
100 | 
à | 
20 — lp =2% | 
10 
Cp A i bu | 
Theory due >. * j 
? to Stokes پر‎ | 
i i CS 28,5 
06 BE 
94 
02| €, Cp 1 
01 B 
[-—31—3—H1j مس‎ Cp = 00 Pos 


L lll L E11 
4 6810 2 4 6310)? 2 4 6815 2 4 68]0* 2 a 6s]? 2 4 eag? 


Re = Y2 
r 


4 6819%2 


0-2 


0.06 
1 


Given: Curve Ak fov drag Coe Ffcient of a Sphere versus Et. 
Cp = 24 /Re Re €; 
Cp = 24 / ې‎ Pon | < fe € qoo 
Cp 0S Goo < Res Bx o * 
ده‎ D: 0DO RE ETE 3x وله‎ Res 2x iS^ 
lp = 618 Ke > 2x196 
Find: Use data trom Eg ۹.١ ty evaluate the Maximum error been | 
the Curve Fit And Experimental data, 


The Maximum significant érrar peceers in the region La here, Spy کا‎ 
mode led as CGual te the consta ct هد‎ fece, Cp = 0.8. The Curve + 
appears To be about 10 percent high in the PCG 7 frond feo lot to 
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Ke c lot 


سر 
ر 
NATIONAL‏ 


Problem 9.131 [3] 


9.131 Problem 9.105 showed a circular disk hung in an air 
stream from a cylindrical strut. Assume the strut is L = 40 mm 
long and d = 3 mm in diameter. Solve Problem 9.105 including 
the effect of drag on the support. 


Given: Circular disk in wind 
Find: Mass of disk; Plot a versus V 
Solution: 
Fp > 
Basic equations: Cp uM =0 


META 
2.0. VA 
nd 


Summing moments at the pivot W-L-sin(a) - FL — H 0 (1) and for each normal drag Fn = ۹ و‎ A-Cp 


| 
| 
o 
"Tri 
=] 
N 
1 


Assume 1) No pivot friction 2) Cp is valid for V, = Vcos(a) 


k -5N. 
The data is p= 1.225: u = 18x10 — V = 15. 
m m ې‎ 
D = 25-mm d = 3-mm L = 40-mm a = 10-deg 
p-V-d : 
Cp, = 117 (Table 9.3) Reg = بل‎ Req = 3063 so from Fig. 9.13 Cp» = 0.9 
1 
-D 
Hence En = ۹ (V-cos(0)  — Cp, Fay = 0.077 N 
2 D 
Fm = >:P (V cos(a)) ( -2 aps Fy = 0.00992 N 


The drag on the support is much less than on the disk (and moment even less), so results will not be much different from those of Problem ! 


1 2 nD? 1 D\/1 2 D 
Hence Eq. 1 becomes M.-L-g-sin(a) = Lopes =z i t 5 - لل و‎ 6 - 2) 4cpz 
-V".cos(a)" 1 2 D D 
M = SSW n -Cpi +| 1- | L-=]-4-Cpo M = 0.0471 kg 
4-g-sin(a) |2 2-L 2 
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130) 0( 
cos(a) 


m 


2-L 


Rearranging V= 4Me, tan(o) ا‎ V = 35.5:—- 
Y p 4 cos(a) 1 2 D D 5 


We can plot this by choosing a and computing V 


80r 
60t 
= 
C: 
E 40 
> 
201 


0 10 20 30 40 50 60 70 


Angle (deg) 


This graph can be easily plotted in Excel 


http://librosysolucionarios.net 


[3] 


1 
.0174— 


44s 


5 : k 
yv = 1.45-10 نس‎ p= 123.5 
m 
(from Fig. 9.11) 
V, = 23.85 
5 
5 
Re = 1.05 x 10 Check! 
where k= k=0 
2-1 


t= 1 ESAS t=4. 
y gk 8 


1 


X= 1 tanh( y g-k-t) dt 


0 


Problem 9.132 


A tennis ball with a mass of 57 g and diameter of 64 mm 


9.132 


is dropped in standard sea level air. Calculate the terminal vel- 
ocity of the ball. Assuming as an approximation that the drag 
coefficient remains constant at its terminal-velocity value, esti- 
mate the time and distance required for the ball to reach 95% of 


Terminal speed time and distance to reach 95% of terminal speed 


64-mm 


> 
Il 
w 
N 
N 
x 
= 
=i 
B 


V¿D 


Re = 
v 


its terminal speed. 
Given: Data on a tennis ball 


Find: 


Solution: 


The given data or available data is M =57-gm D 


Then 


Assuming high Reynolds number 


At terminal speed drag equals weight 


The drag at speed V is given by 


Hence the terminal speed is 


Check the Reynolds number 


For motion before terminal speed Newton's second law applies 


1 
M.a = یک‎ = Mg: Lp. فد‎ ه٢‎ or dy =g- kev? 
dt 2 dt 
۷ 
Separating variables — dv =t 
8-٧ 
0 


V(t) = | emer 
0.95. V, = | emer 


dx 
dt 


= ¡tamy gk) 
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Hence 


Evaluating at V = 0.95V, 


For distance x versus time, integrate 


Note that | tanh(a-t) dt = ESHED 
a 


Hence x(t) = ~-In(cosh(/¢-k-) 


Evaluating at V = 0.95V, t = 4.44s SO x(t) = 67.1m 
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(Table A.10, 20°C) 


so from Fig. 9.13 


Problem 9.133 


9.133 A model airfoil of chord 15 cm and span 60 cm is placed 
in a wind tunnel with an air flow of 30 m/s (the air is at 20°C). It 
is mounted on a cylindrical support rod 2 cm in diameter and 25 cm 
tall. Instruments at the base of the rod indicate a vertical force of 
50 N and a horizontal force of 6 N. Calculate the lift and drag 


CL = ———_ where A is plan area for airfoil, frontal area for rod 


FL 
1 2 
—.p-A-V 
2 p 
L = 25-cm (Rod) 


coefficients of the airfoil. 


Given: Data on model airfoil 
Find: Lift and drag coefficients 
Solution: 
Fp 
Basic equation: Cp = PE: 
2 
L.AV 
2 p 


Given or available data is D = 2-cm 


v =302 
5 


Note that the horizontal force Fy is due to drag on the airfoil AND on the rod 


2 


v = 150x102 
S 


4 
Rerod =4x10 


2 


۸7 = 5x10 om 


rod 


Fprod = 2.76N 


Fp = Fg - Fprod 


F 
L 
0.0654 Cp = 


1 2 
—.p-A-V 
: p 


a 
0 
1 
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k 

gelu 

3 

m 

V.D 

For the rod R& d^ — 
Arod = LD 


1 2 
FDrod = CDrod' 3P Arodi V 


Hence for the airfoil A = b.c 


pe 


Problem 9.134 [] . 


Given: Water ځرو‎ as shown, V 1/00 kmjhr 
Standard .هه‎ 

Find: Estimate bend ing rnomet nt 
ar base of tower. 


Sum morata bout base, 


i Fp = 

Computing equatioas: Cy 3 1477, ; ZM "EFL 
OVA 
Assumptions! (i) Fog acts at center of sphere; Fo, at center of eh 
(2) Neg lect mer ference between Sphere and cg tinder , 

= D h z FD” 555 a 

Thea M* fog(h+ 2) Fol) As* = LUU'm* د‎ 13m 
A = hd =30m,2m = 50 m* 


V «۱٥۵٥ km „boo m يع‎ 17.8 mis 
Ae kM 36005 


z pyt 21,123 (27 .2)*gt اک‎ ٨ 2 
$ ZEV = zx kg x ge YER Ys Am 


Cp * Cy Re). Arr standard air (Table A ap) , U= ٨٥ UP mis, ھک‎ 


Res VD EL x em نټ ری‎ 


$ X ao” pa 
This Re is too large fry Fig 9. H. TAKS GUESS Cp, = 2.1715 (Problem Gas). 


Fpa ~ Cos £^. = فا‎ E k H3 mt. Q LKN 


Kee, =z Val = 27.8 m y £4 7 = ENTE Tiki 
e که‎ 


M تت‎ 
Aa دم ې کد‎ 
This Re 15 Too large fir Fig,7.13. Thusquess Cn, s DV. 

Foe * “De 2 Ac = 0x TU x 60 m* ON 
PH 
The moment ts 


Mz 8.46 KN (Bom y JE + 114 kn (30.27) > 519 KA 
z 0 


E‏ ا ا 
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Solution: Apply definition of Cp, 


Problem 9.135 [A . 


Given : Cylindrical fiag pole of heghe, H. — y >| 
i — 
, T y e = Y ^ 
Wind-syeed profile, f (8) : Cp Constant ix t 
Find + (a) Drag force H 
lo) Bending rrarnant 4 le | 
€) Compare tun yates far 


Ahn rfr rr profale, U. 


tui Fi‏ ده 
Solution: Apply definitten of drag coefficient, Y TY‏ 
Assume: (1) Co = constant‏ 
hinder‏ به tor‏ ین Cz) Cp Same as‏ 
0n Aan € ferment of fhe pole,‏ 
jd ÉL l‏ 
Gay oy‏ لي ډو = هل ع"دم ؤو = dfo‏ 
اع 
Thus d g‏ 


H ud " 24, 
5 =f dE a Co deo (E) Ddy 


/ / 
zs n ړو‎ 1 £5 y. 7 35 7 
fp = دد‎ FPU DH f (4) A) = Co ¿PU DA z(&) ] = 5 باص نمي‎ | Fe 
On An element of tae PoR, 


aM = 9g ال‎ = 5 lo ipetdA = 4 ره‎ ¿pu -Ddy 


Thies 
Af H / 2 
a EA CEA 
M E dm d 3 om iPU (E) "p dy = GPU on GE) AG; 
2 y 
teron (Gad - وه سور‎ Z) al "ibo اوځ‎ M 
Como ALIN, 
Fo (prof te) = 7 GOSPU bu Sa 
Foltuaiferrmn) lp ¿ei بل تخ‎ ٩ 
MC% -profite ( 7: OpzPUpa* ta 4 
Se = i io! هد ہے‎ 
Mt term ) Co PU 0H 2 Ve. d My 
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Problem 9.136 [B] 


Given! Cast iron "N.- pounder " (m*12 tem) Cannon ball rolls off ship j 
And Sinks 10 tan where deese A ds logo m. | 

Find: Estimate time Clapsed before Cannon ball hits Sea bottom. 

Solution: Apply Newtons second lars of motion, definition bf Cp, 


Computing equations! T E 
Fy = May C5 = Fo i T 


devia 
First tind diameter of bali. In ar, E 


al = mg. =p Wa = Sia TD? g = bf [From Table 41,567 7.083 Y "g 


8 bhi 5 2. / 
D =j EW _ jale, bf, 1,42 کے‎ EET 
E تا‎ 7.08" 1.9% ٣ 32,2 7 st | = 0.373 ft 


or 


i 


D =).573 ft, D. Sou? mn. = D, 6 m : D 
Fe A) 


At terminal speed, V Ve, and په‎ =0, Summing forces, 
mas Es "Fo = بب‎ Pu, v4 "Os fo Y 4. DA dew -0 


ór à 
Ve -fets ¿— 2650 AP ho va] 4 


Cp Grs fing 4 


Y= "o and As meo thea‏ 0/۸۸9 7ل 


7 


i 4 ý 1‏ یک 
Va E C ciles- Dg à | we | O08) ozs -;) dmi 9.82 L | 4 277 mfi‏ 
p 3 SEO Jes‏ 


Choose ly = 0.47 fram Fiat "enge of Curve: 


2,9 
Ve = ; = misec = 4,33 mls (^ TA 20°, Uy, * LOS Vg (able. ٨4.21 
977 
Then Re = COM p = Veo PELA 22, p 0. um, LO ې د هس‎ = 4.70 xaf 
“ek "Vsus 5 1,05 Xio tm 


This دا‎ A Supererical AZ, So Choose Cp سه 9 نه‎ 4. fl). Then 
1 247 
۹٩ 


Then Re = |T OMA, cs وولو‎ 
3 /, 08 لا‎ (9-9 ¡mi 


i ; 2.9? E 
, P^ [n - ———- و‎ GF rF 
From Fig d 44, Eg P 0oy, Therefore Ve Per 2.94 mis 


= d icono m ES 7 j 
= > e n 5 1 
t A $ 79V ry iis y 
جح چو و ځا‎ A A are rumen mn mar c — سي‎ T 
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FEIS 5 SQUARE 


50 ane 

i 
42.969 200 SHEETS 5 SQUARE 
cab sa کر ود‎ 


42 382 100 SHEETS 5 SQUARE 


j £2 381 


Problem 9.137 4 
Given: Stokes drag law for sineoth spheres, Fo * ST VD, to be verified 
txperimentaliy by drepping steel balls in glycerin. 
Find: la) Largest steel bati fir whech Rezo. 
(b) Height of glycerine Alama needed to Rach IS percent of 
termina f Seed, 
Solution; Orase هم‎ body diagram of ball, apply ۸/٤ ٤ ۵5 Second jaw, 
i Mr 
: Sa Ba vey T 
Basic equation: UFy ma Fa —F max sepu 0) A Pa t 
yp? = 


At terminai Socr, ځا‎ Accelerator m Bere. دی د72‎ 


e 1 , P 
(sv و‎ cepe د امود - و‎ mo or M Pr و ۵ پل ۶و‎ 29 


(Bog “egg  (Sósjsg, - (7.8) e > 
or yc PRFID CIO PD V iSc D. ږړ‎ 
Es EY A / = 5.288 DMG fy 


Grom Table A.2, Sag * bts), Stokes drag lam holes Yer Re <“. This 


3 4 
Ke s CtP . Ved _ 0.298 Dg Ly ELLE 1 : 
EL = WP 6. or osito 0 ووټبه داي‎ 
ta Y pi e > 0.289 & di 3 


Assuming 7 26٤ then from Fig . 43 Y = 0.00/2 nds * so 


4 
Ds| 347, (0002 mt, څک‎ ] F 
[ E A = 0.00 Bm (1.49 mm) D 
From E9. 1, 
es vg > Pg Ya -Gmavb = وځ‎ Y Y ۷ 
ay 
Div id ing by E Due s 
و‎ A ve سرو‎ E OY cd. ٧۳ 
e = اس ېې‎ Y سس ابو‎ Xx IY, af he 4 3 
(& (وم-‎ 275 * (@s-eg)¥3 dy Ga) G dy PE Y T 
ومر‎ arin dy (es) دخ‎ Marth) C M oa 
, i- V, E f= 
Entegrating, f ear "uM cas lc if 
j رد نف = پس‎ = Jdx - y = Xni, | = 0,45 .هرو ف-‎ ) 
Thes 
y= £oS( YS ve" . Zosy Sbs ۳ 
E a) 5 E g 
But Ve = 0.208 Dg. A295, omms 98m S a 0,002 mps 
y sh ۵۰۵0672 پور‎ 
S0 >. " n 
a OOS gece fi Lo do Y 77? يې‎ Ejo i 
i M 012-120) s DAU. EL - 0 ita m CH mm] ae DR 
| PP 
1 
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HEETS 5 SQUARE 
MEETS 3 5QUARE 
HEETS 5 SQUARE 


ES Problem 9.138 aA 


Given! Measured deta fev pressure difference versus ang le سم‎ 
Flow Around & tirtular Cy finder At Re + 8,000, 


Fund: (a) Estimate eo for this Flow, 
(L) Compare Its data From Eg. 4.13; €x jo. ^ Zu uU مسر ول‎ UR 


j 
i 
| Solution: Consider the Geometry Sk etched dF 


| =o: Sae eden -R | 
| Apply the definition of eas coefeicient. gry Lo | 
| | 
| Fo 
| 
| 


Comput og eg uation a s = ېره او د‎ | 


: : i 
Assunipheon,; Neglect viscous force; OR. = IF OSE poA cosd = puritda ws ss 


Then Dd, dA, dp PURSE له = و کی‎ pure denso SEC (ur 2 &) dà 


^ 7 
Since f fe oso de = 6, than Fy =f (p-feooses (ure. 
٥ 


| 

| | 

Thé Stagnation pressure 15 plo)” fas = 26U so | 
i 


T 
a Fi د‎ T 
| ps = fe = ړل‎ Re) esel tede .. [eze cosado 
| ام‎ foo ~ paj (r 22.) ې‎ Po 
Tabujating co fe Po Pos at صن‎ bacs | 
(des) Ga. Hua) Po~ s For Pao 
^ | 
ð 0.52 1,00 1.00 | : 
2 Û Ho 0.925 IM | 
zo 0.33 0.635 0. $96 | 
Bo 4113 5-256 ۸27 l 
40 -0.13 -۵ AFA -0.192 | 
so 5.40 -0,767 ~ 0.494 | 
éo -6.57 =A دس د‎ 548 ! 
70 کد رس ۵ م س‎ -0. 34 i 
Zo J. 5S — لړ‎ Oi و ځا کل ,روت‎ 81 = 7,34 | 
Fo دې‎ EL —/.00 2.00 | Tren pt gordas Perie? | 
foo -981 -0 751 2.178 | y 
i) “52 لؤ سه‎ 00 0.342 | E O on Kia 
24 دا ې‎ — do مه د. ډو‎ SNR | || — 48 
/3o -p.52 ~/.00 0.643 La 
E 2 Ag =| با‎ Ê 
io D.S2 4.00 ۵.۰7 صاط‎ 
/ دگ‎ -0. 52 —/.00 D. Fiola Hair of Cac 
۵ 0.54 = 4.08 0.75 end punts are | 
¿o ماک ھت‎ 1,0% /.02 Lei re che d to 
/20 و-‎ , y 1.0% 1.0% r Avoid doble و۵‎ 
i 
Fo c io oed, read _, 4 
m ez Joso if) - iOm} do = $2.74 30.00 £1.04) } 3 A 108 | Co 
From Fig. 9. Cp L2. The BN ده‎ due to Se Peron effects, 
i 
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[4] 


Problem 9.139 


9.139 Consider the tennis ball of Problem 9.132. Use the 
equations for drag coefficient given in Problem 9.130, and a 


u = tai ° pita 
5 


Simpson's rule) to compute 


numerical integration scheme (e.g., 


the time and distance required for the ball to reach 95% of its 
terminal speed. 


Given: Data on a tennis ball 
Find: Terminal speed time and distance to reach 95% of terminal speed 
Solution: 


D = 64-mm 

A = 3.22 x10 "m. 
Re <1 

1 < Re < 400 


400 < Re < 3x 10° 


3x 10° < Re x 2x 10° 


Re > 2x 10° 
V, = 23.82 
S 
5 
Re = 1.05 x 10 


M = 57-gm 
2 
-D 
aE, 
4 
24 
= 
D Re 
24 
CD = 646 
Re ` 


Cp = 0.000366-Re?47”° 


Cp = 8 


1 2 


VyD 


v 


The given data or available data is 


Then 


From Problem 9.130 


At terminal speed drag equals weight 


The drag at speed V is given by 


Assume 


Hence the terminal speed is 


Check the Reynolds number 


This is consistent with the tabulated Cp values! 
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For motion before terminal speed, Newton's second law is M-a = Mo = Mg: و تد‎ ٢ 
t 2 


Hence the time to reach 9596 of terminal speed is obtained by separating variables and integrating 
0.95- V, 
1 

t- — — dV 
PACD 2 
g- — V 

2.M 

For the distance to reach terminal speed Newton's second law is written in the form 


dV 1 2 
M-a = M-V-— = M-g-——-p-V-A-C 
dx و‎ D 


Hence the distance to reach 95% of terminal speed is obtained by separating variables and integrating 


0.95- V 


These integrals are quite difficult because the drag coefficient varies with Reynolds number, which varies with 
speed. They are best evaluated numerically. A form of Simpson's Rule is 


| f(V)dV = 2" (t(Vo) " 4-£(V1) + 2-£(V9) + 41(V3) + f(Vx)) 


where AV is the step size, and Vo, V; etc., are the velocities at points 0, 1, ... N. 


0.95-V, 


Here Vo =0 VN = 0.95: V} AV = N 


From the associated Excel workbook t = 4.69-s x = 70.9.m 


These results compare to 4.44 s and 67.1 m from Problem 9.132, which assumed the drag coefficient was constant and analytically 
integrated. Note that the drag coefficient IS essentially constant, so numerical integration was not really necessary! 
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Problem 9.139 (In Excel) [4] 


9.139 Consider the tennis ball of Problem 9.132. Use the 
equations for drag coefficient given in Problem 9.130, and a 
numerical integration scheme (e.g., Simpson's rule) to compute 
the time and distance required for the ball to reach 95% of its 


terminal speed. 


Given: Data on a tennis ball 


Find: Terminal speed time and distance to reach 95% of terminal speed 


.0.95-V; 
Ş 
. dV x= 
pA-Cp > p-A-CD > 
E g- مي‎ 
2M 2M 
0 
24 
M= 5 gm Cp- 7 Re < 1 
حم‎ 123 kg/m s 
۸ د‎ mm C = 1 « Re < 400 
Cp= 05 (Fig.9.11) D 66 mee 
v= L45E-05 m'/s 1 
Cp = 0.5 400 < Re € 3x 10° 
Cp = 0.000366-Re  3x 10 < Re < 2x 10° 
6 
Cp = 0.18 Re > 2x 10 
A = 0.00322 m' 
V.= 23.8 m/s 
N= 20 
AV= 119 m/s 
For the time: For the distance: 


[0 [0 [5435 | 1 EV 0102 | 
0.15 
0.232 
358 
0.478 
610 
0752 
906 
1.08 
27 
45 


Total time: 20469 — 5 Total distance: 709 m 


(This compares to 4.44s for the exact result) (This compares to 67.1 m for the exact result) 
Note that C p is basically constant, so analytical result of Problem 9.132 is accurate! 


م۲٢‎ 


= 
چ-‎ 
aje 


B 
W 
[ep] 


SRE 
WI Tala 
D)ao|d|w 
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Solution: 


,0.95-V, 


Given data: 


Computed results: 


Problem 9.140 [4] 


9.140 The air bubble of Problem 3.11 expands as it rises in 
water. Find the time it takes for the bubble to reach the surface. 
Repeat for bubbles of diameter 5 mm and 15 mm. Compute and 
plot the depth of the bubbles as a function of time. 


Given: Data on an air bubble 
Find: Time to reach surface; plot depth as function of time; repeat for different sizes 
Solution: 
The given data or available data is dy = 0.3-in h = 100-ft Pw = 1000. SG = 1.025 (Table A.2) 

m 

7 m 
Pp = SG-py v = 1.05 x 8.03» 10 .— (Tables A.2 8 A.8) Paty = 101-kPa 
5 


The density of air is negligible compared to that of water, so Newton's second law is applicable with negligible MdV/dt 


dv. 


where Fp is the buoyancy force and Fp is the drag (upwards is positive x) 
1 2 
For a sphere, assuming high Reynolds number, from Fig. 9.11 Cp = 0.5 


The volume of the sphere increases as the bubble rises and experiences decreased pressure. Assuming the air is an isothermal 
idea gas 


Pg: Volg = p- Vol 


where pg and Volo are the initial pressure and volume (at depth h), and p and Vol are the pressure and 
volume at any depth 


Po = Patm+P:8:h P = Patm + Pg- x) 


Hence (Patm + ph) do 2 e + p-g-(h ye 
d = dy : _ (Pam * Pgh) 
[Patm + 6&5 > 3)] 3) 


For example, at the free surface (x =h) d = 12.1 mm 


Combining Eqs. 1, 2 and 3 plar - بد وه‎ 
6 2 4 
1 


6 
we 4-g.d 4&do. (Pam +h) | 
3-Cp dis. [Pam + (5 = | ادون دد‎ 
Strictly speaking, to obtain x as a function of t we would have to integrate this expression (V - 


http://librosysolucionarios.net 


However, evaluating V at depth h ) = 0) and at the free surface (x = h) 


x =0 Vo = 0.446 
5 


x=h v = 0.563 Z 
S 


we see that the velocity varies slightly. Hence, instead of integrating we use the approximation dx = Vdt where dx is an increment of 
displacement and dt is an increment of time. (This amounts to numerically integrating) 


Note that the Reynolds number at the initial depth (the smallest Re) is Reg = au Reg = 4034 
so our use of Cp = 0.5 from Fig. 9.11 is reasonable 
The plots of depth versus time are shown in the associated Excel workbook 
The results are dy = 0.3-in t = 63.4:s 
dy = 5mm t = 77.8:s 
dy = 15-mm t = 45.1-s 
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Problem 9.140 (In Excel) [4] 


9.140 The air bubble of Problem 3.11 expands as it rises in 
water. Find the time it takes for the bubble to reach the surface. 
Repeat for bubbles of diameter 5 mm and 15 mm. Compute and 
plot the depth of the bubbles as a function of time. 


Given: Data on an air bubble 


Find: Time to reach surface; plot depth as function of time; repeat for different sizes 


Solution: 1 
6 
^E Patm + PgR) 
The equation is dx = V-dt where V= | do B. was 
3-Cp | [Pam + Pe - 3] 
Given data: 
h- 100 ft 
h= 305 m 


p,-1000 kg/m? 

SG - 1.025 Table A.2) 
Cp= 0.5 Fig.9.11) 
p=1025 kg/m? 

Pam= 101 kPa 


Computed results: 
dọ= 03 in 


d= 7.62 mm d= 5 mm dọ= 15 mm 


| 60 | 229 | 0.415 | 
Depth of Air Bubbles versus Time 
30 4 
25 4 
20 4 
x (m 
(m) خا‎ 
10 4 ar 
= Initial Diameter = 5 mm 
54 == = fnitial Diameter = 0.3 in 
= = = Initial Diameter = 15 mm 
0 T T T T T 1 
0 10 20 30 40 50 60 70 80 
t (s) 
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Problem 9.141 


9.141 Consider the tennis ball of Problem 9.132. Suppose it is 
hit so that it has an initial upward speed of 50 m/s. Estimate the 
maximum height of the ball, assuming (a) a constant drag coeffi- 
cient and (b) using the equations for drag coefficient given in 
Problem 9.130, and a numerical integration scheme (e.g., a Simp- 
son’s rule). 


Given: Data on a tennis ball 
Find: Maximum height 
Solution: 
m 5 m? 
The given data or available datais M = 57.gm D = 64mm V; = 50— v = 14510 “— 
5 5 
v.p? 3 2 
Then کر وو‎ A =3.22x10 m 
24 
From Problem 9.130 Cp = — Re < 1 
Re 
24 
Cp = 1 < Re < 400 
0.646 
Re 
Cp = 0.5 400 < Re<3x 10° 
Cp = 0.000366-Re 4275 3x 10° < Re < 2x 10° 
6 
Cp = 0.18 Re > 2x 10 
pcs 1 2 
The drag at speed V is given by Fp- i dd ‘Ch 
; : : dV 1 2 
For motion before terminal speed, Newton's second law (x upwards) is M-a = ien = A :A-Cp - Mg 
t 
Ñ : ; da dv 2 
For the maximum height Newton's second law is written in the form M-a = کن ري‎ = en p-V-A-Cp- Mg 
0 Vi 
3 toe ۷ ۷ 
Hence the maximum height is Xmax = — dV = — dV 
2.M 2.M 
Vi 0 


This integral is quite difficult because the drag coefficient varies with Reynolds number, which varies with 
speed. It is best evaluated numerically. A form of Simpson's Rule is 


| tevyav = 2Y (rivo) + 4(1) ۴ (vs) ٢٢ 


where AV is the step size, and Vo, V etc., are the velocities at points 0, 1, ... N. 
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Here Vo = 0 Vn = Vi AV = ES 
From the associated Excel workbook Xmax 90 
If we assume Cp = 0.5 

Vi 
the integral X = id dV 

max p-A-Cp : 
+8 
2.M 

0 

AMORES 48.7 
becomes Xmax = NT : 2.M-g une Xmax = $9- m 


The two results agree very closely! This is because the integrand does not vary much after the first few steps so the numerical 
integral is accurate, and the analytic solution assumes Cp = 0.5, which it essentially does! 
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[4] 


Re <1 

1 < Re < 400 

400 < Re x 3x 10° 
3x 10° « Re < 2x 10° 


Re > 2x 10° 


Problem 9.141 (In Excel) 


Consider the tennis ball of Problem 9.132. Suppose it is 


9.141 


hit so that it has an initial upward speed of 50 m/s. Estimate the 
maximum height of the ball, assuming (a) a constant drag coeffi- 
cient and (b) using the equations for drag coefficient given in 
Problem 9.130, and a numerical integration scheme (e.g., a Simp- 


„Vi 
۷ 0 
dV 
pACp 2 
V +g 
2-M 
0 
24 
Cp = — 
D Re 
24 
Cp = — 0646 
Re” 


(Fig. 9.11) Cp 205 


275 
Cp = 00 7 


Cp = 0.18 


78 


son’s rule). 


Given: Data on a tennis ball 


Find: Maximum height 


Solution: 
0م‎ 
The equation is X 
Xmax pACp > 
= a 
2-M 
Vi 
Given data: 
M= 57 gm 
Vo= 50.0 m/s 
p= 123 kg/m 
D= 64 mm 
Cp= 05 


v= 1.45E-05 m/s 


Computed results: 
A = 0.00322 m? 
N= 20 


2.50 m/s 


oo | o fooi [0.000] 0.000 | 


Maximum height: END m 


(This is the same as the exact result) 
Note that C و‎ is basically constant, so analytical result of Problem 9.132 is accurate! 
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Problem 9.142 


9.142 


Approximate dimensions of a rented rooftop carrier are 
shown. Estimate the drag force on the carrier (r = 10 cm) at 100 


[3] 
al 
50 cm 
yd 
Y 
125m A Wind 
lm 
Tg = 85-96 
FE = 30.0 
gal 
BSFC = 3-8 
kW-hr 


(Table A.10, 209F) 


Fp = 59.1N 
AFC = 0.00965 8 
mn 
FC = 0.0941 E. 
min 
FC = E 
min 
FE = 272% 
gal 
Fp = 213N 


3kg 


S 


rih 


Drag coefficient v. radius ratio [37] 


Drag on carrier; Additional fuel used; Effect on economy; Effect of "cheaper" carrier 


r = 10-cm 
km 
FE = 12.75.— 
L 
A= 0.5m 


FC = 1.57x 10 


-3k 
EIR E 
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km/hr. If the drivetrain efficiency of the vehicle is 0.85 and the 
brake specific fuel consumption of its engine is 0.3 kg/(kW + hr), 
estimate the additional rate of fuel consumption due to the carrier. 
Compute the effect on fuel economy if the auto achieves 12.75 
km/L without the carrier. The rental company offers you a 
cheaper, square-edged carrier at a price $5 less than the current 


carrier. Estimate the extra cost of using this carrier instead of the 


h = 50-cm 
V ه۹‎ 
S 
A = w:h 
5 ai 
v = 1.50x 10 — 
8 
Cp = 0.25 
AP = 1.93kW 
AFC = 1.61 x 10448 
8 


= 0.72 from Table A.2) 


V 
FC em SOgas PH20 


FCT = FC + AFC 
V 
FE = — SG P 
as PH20 
FC, $ 
Cp = 0.9 


AP = 6.95kW 


round-edged one for a 750 km trip, assuming fuel is $3.50 per 


gallon. Is the cheaper carrier really cheaper? 


Given: Data on rooftop carrier 
Find: 
Solution: 
Fp 
Basic equation: Cp = 
Given or available data is w = 1-m 
k 
Y = 100.4 
hr 
kg 
m 
= 1225 
3 
m 
From the diagram - = 0.2 so 
Fp:V 
Additional power is AP = —— 
"la 
Additional fuel is AFC - BSFC. AP 


Fuel consumption of the car only is (with SG 


gas 
The total fuel consumption is then 
Fuel economy with the carrier is 
For the square-edged: = =0 so 
Fp: V 
Additional power is AP = —— 
"la 


-4k k 
Additional fuel is AFC = BSFC-AP AFC = 5.79x 10 2 AFC = 0.0348 —- 
5 min 
de d -3kg kg 
The total fuel consumption is then FC4 = FC + AFC FCr = 2.148x10 = FC = 0.129 —- 
T T 5 T min 
Fuel economy withy the carrier is now FE = Y SG FE = 93 zm FE = 21.9 E 
Foy gas PH20 SE “al 


gal 


The cost of the trip of distance d = 750-km for fuel costing p = : with arental discount = $-5 less than the rounded carrier is then 
d 
Cost = a — discount Cost = 69.47$ plus the rental fee 
, : km. . 
The cost of the trip of with the rounded carrier (FE = 118 d is then 


Cost = o Cost = 59.78 $ plus the rental fee 
FE 


Hence the "cheaper" carrier is more expensive (AND the environment is significantly more damaged!) 
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Problem 9.143 ې‎ | 


z 


Given: ÜCoastdewon des" data from level mad, Cadm day, measured tor | 
Vehicle with IW = 25,000 lef and A= 14 ۵ Fp (S mph) < FS mph). 


V(mph) 5 ES 
ay, ¿mph hs TO. V5 DOGS 


Find! Ce drag coefficient tor this vehicle. | 
Spad کے کک کہ‎ GEA eras de, e : 
Solution: Apply ۸۵٤۵ مو لگ‎ 5 second faro of motion, detinrhon of Cp 


Computing equadieas: y | | 
A | 
¿Fx = mix C5 = I 2. | " Po: 


٧۲8 8 3 097875 8 A ot F 1 
٨ 


Summ 1g مسوا‎ , -fe -Fp = Mas, | 
! 


At SE mph -FR ~ foes = MOg we 
نه‎ | 
At 5 mph اي وس‎ “Bs = MÁxg 
: | 
Subtracting, obtain foss = (aa “ag = m| Z hs ~ 34] Gne 
x 

Thus [dv dV 
dou Gee a). cay ر‎ - 0] 
eva "p PEE 


Evaluating, asSum jing Standard Air, wrth pg = LOTS A/A 


Oy = 2, 28000 6F, 3 ea alc -0,/88 -(- 0. as) mi. ma 
"۵0-2 let ES mu TE hrs 
Pte د و مان‎ i 
* Ez Ju | 
و دا‎ m سک‎ : aio fs نه‎ cw. a e 
Fa = -w > ENS e کو‎ NEC چا مهو‎ SUEUN e E ONE 
EIE. Sa s S مورد‎ weed 
; > | 
Mx Lrg > 
For we د‎ * Cy ex A " Ren <= AE QW 
i 


ES l $a NE, کې‎ à Ag E 
DD sS AA ext o Miu MD 


Ne SMES BA AD. 


— 


ES 
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Problem 9.144 
Given? Spherical sonar trantductr witts D~ 0,372 +7, Yo be 
towed 79 Steaua ter, Fully subrnergad, at V3) jet, 
To awd د هله هه‎ j mal UN pressure ده‎ Tran descen 


Surface CoU ne > 30 دم‎ labs). 


Find: la) Hydradynamic dmg Free ده‎ trasd uer, 
نط)‎ Minimum depth of subrjengene, 


Solwhen: V= 3/1 PO sz. PO 16.0 m h 
ar Am 3600.5 


F- = ام‎ = ZG. ozs) dcr (koj a. Ma x Fan. /3/ k Rx 
"un N 


۷ 
s XP OM ۵2م‎ m. 1! sexe 
Y S (7.08) / X انر‎ rm? 


Therefore flows Orts Sphere در‎ supercrihcas; trom Fug. T. H و ر‎ 8 


Fp=tpatpv? A= "P. وو‎ 0, 110 m? 


Fp = 0:18, 0,00 mS I3/x o M. ته‎ 2, S4 kN E 
rai 
Fom Fig. 4.12, tre INTE presi ۵77 & SPIER with Super - 
trical leu کا‎ pr اس‎ 
ier تا‎ Pa V 
à Tes m 
D b 
dr Pa = p -iog 
= Zo kFa lats) ~ (01.2) 131 k R 
"ho labs) = 197 kFa labs) 
Tas 
“pw (gage ) = fin (Abs) و‎ (187 on ka = 9&2 KPA 
But pe (gage) = وم‎ h, so : 
h se Pa Gage) _ NET و‎ io? N A " ees QA چ ے‎ sam b 
rat’ (1,025) A000 eg 1,81 m "mr P | 


و 
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[4] 1 


Ve 


n—————— صهښشت‎ 


Ve 


2 


Problem 9.145 


Open-Ended Problem Statement: While walking across campus one windy day, Floyd Fluids 
speculates about using an umbrella as a “sail” to propel a bicycle along the sidewalk. 
Develop an algebraic expression for the speed a bike could reach on level ground with the, 
umbrella *propulsion system." The frontal area of the bike and rider is estimated as 0.3 m?. Cy 
Evaluate the bike speed that could be achieved with an umbrella 1.22 m in diameter in a 


wind that blows at 24 km/hr. Discuss the practicality of this propulsion 20e 
SE coma ve SEN arc چا‎ OAS E ex Urea Sa MES ^S ka 
Analysis: Draw a. fret -body Y agro: CC V 
m 


Stan fores m Y odirection: Mog Ep = drag force 
a Fe old ng 


"m ja 
ZF a Fp “Fe =) 7۷ : 
FES To HER, 


But Fp = Cp, 4 * De Ag d pU- e)" " rone 
Au > TR (1 د بیز‎ JH m* 
E 


Cheose Cn, = 1.42 Table 4. 3), 


Cg = ۵.5 ږل‎ rmm * 75 ka, zo Fg = O DOIS y 18 ka , 6.) m y Mis” 5.52 N 
1 $? kám 


Boone c 
en V = Var P (Cpu, Au + Cos AL) 


But m he 
Vis 24 ket, 1009 m اا‎ 
2d Ae * Lao" mis 
EA 
Web e psss, D p AA kae | 1 
۳ ۱:23 ko (1,42) I 12 m e (o 10) 0.3 m? Mist 


Vh = 6m. ZALIM = Ebm op o. beo 


E hr‏ 5 کہ 


Thus Floyds bi ceye ٨ kur th Phe Gon brella propelling ¡td دام حور‎ at 69,34 مل‎ wiad 22d] | 


{ without the. Gebr h, Ve #7 LeS = or 6.04 £e y by setting په‎ 20 above Y 
T 


Discussion: Floyd is confused about his fluid mechanics principles if he thinks he can exceed 
the wind speed. It is impossible to obtain a propulsive force from aerodynamic drag unless 
the bicycle is moving more slowly than the wind. The drag force must be sufficient to 
overcome the rolling resistance of the bike and rider. At equilibrium speed the drag force 
and rolling resistance force must be equal and opposite. 


The only benefit could be achieved by adding drag force more rapidly than rolling resistance. Án 
umbrella, with its relatively high drag and low weight, is ideal for this purpose. 


However, one would somehow have to hold the umbrella perpendicular to the wind while riding 
the bike. This would be dangerous at best, especially if the bike had hand-activated brakes. 


Since the umbrella must be held perpendicular to the wind, it would be very effective at blocking 
the rider's view of the road ahead! 


In summary, this “system” of propulsion appears quite impractical. 
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Problem 9.146 


9.146 Motion of a small rocket was analyzed in Example 4.12 
assuming negligible aerodynamic drag. This was not realistic at 
the final calculated speed of 369 m/s. Use Euler's finite difference 
method for approximating the first derivatives, in an Excel work- 
book, to solve the equation of motion for the rocket. Plot the 
rocket speed as a function of time, assuming Cp = 0.3 and a 
rocket diameter of 700 mm. Compare with the results for Cp = 0. 


Given: Data on a rocket 
Find: Plot of rocket speed with and without drag 


Solution: 


From Example 4.12, with the addition of drag the momentum equation becomes 


a - zs 
Fg, +Fs, د‎ UN arf, pd¥ = <I, با‎ PAY + [. Vxyz PV yz ` dA 
where the surface force is 


F Sy - pAV “Cp 
Following the analysis of the example problem, we end up with 


: 2 
dVcy _ Veme — 1 PAVcy Cp 


dt Mo = met 
This can be written (dropping the subscript for convenience) 


dV — 
ee f(V,t) (1) 


where 
Vm, — 1 PAV °Cp 


Mo- m,t 


e 


f(V,t)= g (2) 


Equation 1 is a differential equation for speed V. 
It can be solved using Euler’s numerical method 
Vos &V, + At fa 


where V,,, and V, are the n + 1% and n? values of V, fa is the function given by Eq. 2 evaluated at the کې‎ 
step, and At is the time step. 


The initial condition is Vo =0 at t=0 
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Given or available data: 


Mo= 400 kg 
m,- 5 kgs 
V. = 3500 m/s 

p^ 123 kg/m? 
D= 700 mm 
Cp= 03 


Computed results: 


A = 0385 m? 
N= 20 
At= 0.50 s 


With on 


II EO) VADO) LA لها‎ 
EON o e rR 
4| 20| 683 دا‎ 2۴ 855 
Spes mes qae 102 | 


Without drag: 


308 
328 
: 348 


Trajectory of a Rocket 


400 - 
300 4 
۷ (m/s 
( ) 200 4 
100 - Without Drag 
= = = With Drag 
0 T T T 1 
0 2 4 6 8 10 
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Problem 477 تي‎ 


f 


IS هوم‎ 


Open-Ended Problem Statement: Towers for television transmitters may be up to 500 m in 
height. In the winter, ice forms on structural members. When the ice thaws, chunks break 
off and fall to the ground. How far from the base of a tower would you recommend placing 
a fence to limit danger to pedestrians from falling ice chunks? 
Analysis: An ict Chuth detachirig frm a dawn Starts at rest, PAS by Gram fe, 
Q acf Sica HAN toG S Ie, دل‎ blend POP Y Ley wid, Bttause drag 13 pro 6م‎ 


Jo relative لف وک‎ squared, it rn luy be treated do separate, x and y Comppenerts, 


— ره‎ = zz 
ZR = Fp nt = (SA tp OGO = mal = yr زو‎ e G) 


The equañon 15 wired sa Example obl 4.1). 


in The reset کر‎ 


A 
\ 


AN, : 
Anatyye TAS cheese, 
AS n 


0 
i. | 
V ee wade TTE etary 


مس 


= چ‎ U Quick hy Approaches Van 
7 i a 


i te 
2k ae -2 = 
yy ê (ıe 5s or Y.i:-8 ms 


Ue 
«pr 


Model tht thttak as ے‎ 


; gerit rie sphere, bet انت‎ Th larger to Beza د‎ t 
Of jagged Lares, Both band A de petad ae th ame tes, Ke xf Dimm] + or (1,7 mister D 


Thus æ rea sont b be appx nation 13 fa tting at Ve and proving ۱8٥ که‎ AÍ Mur. 


for Vae =10 mph (4.49 mis), and Y, = 11.0 mis thea of ه‎ tant (ho) 2245 And 
X- H tan 21.1 ے‎ 202 m. 


E ——————— ج‎ 


Te more Pree rit le Lamp, esta ace, Obtain ult) ane! o Ce) by solving Egs, | ad t 
numerttallg, And plot the partii le path, 


Discussion: Because towers may be very tall, ice chunks can travel long distances from the 
base even in moderate winds. Considerable area around the base of a tower must be fenced 
to keep personnel on the ground safe from falling ice. 


The analysis in this problem would be accurate if the drag-area product Cp4 for an ice chunk 
were known precisely. However, the size of the structural members and the thickness of the ice 
coating are both unknown. Therefore it is difficult to choose the most probable drag-area 
product. We recommend you bracket the sizes of known ice chunks, pick a reasonable range of 
drag coefficients, and then use the analysis to develop guidelines for the safety of personnel. 
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Problem 9.148 


Open-Ended Problem Statement: Wiffle™ balls made from light plastic with numerous holes 
are used to practice baseball and golf. Explain the purpose of the holes and why they work. 
Explain how you could test your hypothesis experimentally. 


Discussion: The basic concept of the Wiffle ball is a low-mass, high-drag configuration that 
can be hit or struck with full force, but will not fly fast or far. Thus the Wiffle ball can be 
used for practice in a limited space. 


The low mass is achieved by making the ball of relatively thin plastic material. This gives it low 


mass for its size, and is a step toward making the drag force relatively high compared to the 
weight of the ball. 


Even higher drag force is achieved by perforating the surface of the Wiffle ball with numerous 
large holes. These holes further reduce the mass of the Wiffle ball. 


In the sub-critical flow regime (below Rep « 2 x 10°) skin friction drag accounts for less than 5 
percent of the total drag of a sphere. The holes increase the skin friction drag of the ball by 
allowing boundary-layer fluid to escape into the interior of the ball. Each new bit of surface then 
sees essentially a new boundary layer developing, with attendant high shear stress. 


Pressure drag accounts for the majority of the drag of a sphere at any Reynolds number above 
about 1000. The holes disrupt the flow pattern around the ball and probably trigger early 
separation. This ensures that the ball remains in the high-drag sub-critical flow regime no matter 
what its actual Reynolds number. 


This hypothesis could be tested experimentally by comparing the performance of two balls, one 
with holes and one without. (The balls should have nearly the same mass and diameter.) With 
the help of an assistant, drop the balls from some height (for example, down a stairwell). After 
each ball has reached terminal speed, measure the time required for it to fall through a fixed 
distance. Then calculate and compare the drag coefficients for the two balls. If the drag 
coefficient for the ball with holes is significantly larger than for the ball without holes, the 
hypothesis is confirmed. ۰ 


Several balls of each type might be evaluated experimentally to obtain an idea of the Reynolds 
number dependence of the results. 
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——— Problem 9.149 [5] Part1/2 


Open-Ended Problem Statement: Design a wind anemometer that uses aerodynamic drag to 
move or deflect a member or linkage, producing an output that can be related to wind speed, 
for the range from 1 to 10 m/s in standard air. Consider three alternative design concepts. 
Select the best concept and prepare a detailed design. Specify the shape, size, and material 
for each component. Quantify the relation between wind speed and anemometer output. 
Present results as a “calibration curve" of anemometer output versus wind speed. Discuss 
reasons why you rejected the alternative designs and chose your final design concept. 


Analysis: The "target" concept was chosen for analysis. The drag force acting on the target is 
calculated, then moments are summed about the pivot (see Problem 9.105). The results are: | 


Roa Plate 


Nea lect drag 


d h on STUE, | 
} A ٤ | 
E 2 
dl SM, = rng sina — 0 
۳ z 0 f E p a LS 
| D *€5AzglVcesu) > CoA sey’ cor 
Jo مځ څوغ‎ ۷٧ Lost = Mf په‎ * Frain 8ک = 5:7 ې‎ uus Ah Gina (4) 


ASSlerné X Ga at Lug hes + wid لم مد‎ Gehe V ورس‎ emis i F z 3 ۷ ۳ ت./ يه‎ A frat). 


Then Sind 2 “oA P + x60", la) = 3.46 
P eos یه‎ Z ho ura = tla) ار درو د‎ 
fH sn A A S6 Pres GA 
Lo 112,013 M ma se 1٢ 
= EJ - a EG ur sd OD 2 9 rd e 2,17 na 
$6 Ping GFL me + sa), 1000 kg ^gg A E ALS? “SG ee 


Choose Alema, with SG =2.0 (Table A dl). Thea 


h= va 13 pr? 


2 Eg = OF 22 man 


Solve چک‎ ١ hor velos ¿Ey 


Y = Z end, teas) (See peor) v 


M m ںہ ر سس‎ 
Discussion: considered included a manometer that sensed stagnation pressure, a | 


parallelogram linkage supporting a vertical target, and bending of a thin member in the air 
stream. The three final concepts chosen were variations on the theme of a single hanging 
member supported from a single pivot, and were chosen for their simplicity. 


The major advantage of the target concept is that different materials can be used for the rod and 
target; this concept can be tailored to give the largest deflection angle for a given wind speed. 
Therefore this device should be capable of the most accurate indication at low wind speeds. 


Drag force on the target is assumed to depend on the component of wind velocity acting normal 
to the target. This model could be improved by using actual experimental data for the drag 
coefficient of a disk at angle of attack. 
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[5] Part 1/2. 


Problem 9.150 


Open-Ended Problem Statement: The “shot tower," used to produce spherical lead shot, has 
been recognized as a mechanical engineering landmark. In a shot tower, molten lead is 
dropped from a high tower; as the lead solidifies, surface tension pulls each shot into a 
spherical shape. Discuss the possibility of increasing the "hang time," or of using a shorter 
tower, by dropping molten lead into an air stream that is moving upward. Support your 
discussion with appropriate calculations. 


Analysis: This problem may be analyzed parametrically, in terms of shot diameter. Consider 
the range from "bird shot" of about 1 mm to musket balls of about 15 mm diameter to 
illustrate the results. 


Analysis with still air: Terminal speed is reached when aerodynamic drag force exactly equals 
the weight of the shot. The first plot shows terminal speed versus diameter of lead shot. 


The solution for shot speed versus distance traveled, with no upward air movement, parallels the 
solution of Example Problem 1.2, which gives the fraction of terminal speed reached in a tower 
of specified height. For any tower height (choose 50 m to illustrate the results) the fraction of 
terminal speed reached decreases with increasing shot diameter (see the second plot). 


The solution for hang time versus diameter 1s shown in the third plot. 


Analysis with upward flow of air: The solution for shot speed versus distance traveled is more 
complex when air in the shot tower flows upward. Introducing upward air flow in the tower 
increases drag force compared to shot weight. Therefore the shot accelerate more slowly in 
the upward flow. It is possible to obtain an analytical solution, but the result is so complex 
that it is difficult to interpret. Results can be obtained for specific cases by integrating the 
differential equations numerically. 


The solution for shot speed versus time also is more complex when air flows upward. Again 
ñumerical integration can be used to obtain results for specific cases. 


Outline of Procedure: Derive a differential equation for shot acceleration from a free-body 
diagram. Integrate once to obtain shot velocity as a function of time. Integrate again to 
obtain shot position as a function of time. 


From the results of the second integration, identify the "hang time" when the shot reaches the 
bottom of the tower. Plot hang time versus diameter and compare with results for the case with 
no upward air flow. l 


Set the upward air flow velocity to zero and compare numerical results with the analytical results 
for the case without flow to validate your model. 


Discussion: The terminal speed reached by small shot in still air is quite low. Therefore, the 
“hang time” of small shot can be increased significantly by providing upward flow of air at 
reasonable speed in the tower. 


Larger shot have higher terminal speeds. However, the higher terminal speed does not reduce 
hang time much because the large shot reach only a smaller fraction of their terminal speed in the 
50 m tower height. 


Introducing upward flow of air in the shot tower increases the drag force and results in slower 
acceleration of the shot. Therefore the hang time is increased. The increase in hang time allows 
more time for cooling, and should result in the production of more nearly spherical shot. 
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Problem 9.150 [5] Part 2/2‏ سن 


| input data: Cp = 0.47 (—) Drag coefficient of sphere 
SG, = 41.4 (—) Specific gravity of (lead) shot | 
Az = 50 m Height of shot tower | 
| Pair = 1.23 kg/m? Density of air 
; Calculated parameters: i 
kD? = 2.27E-07 kg/m-mm* Drag factor, Fp = kV? i 
m/D? = 5.969E-06 "وېي‎ Mass of shot 
(1) Shot falling in still air: E eh tee re ee ee 
Dimm) Vrms) ۷) | ۱ 1 
4 16.1 0.989 Terminal Speed vs, Shot Diameter 
| 15 19.7 0.960 د‎ 
| 2 22.7 0.922 m | 
سا‎ 
3 27.8 0.848 Eso 
4 32.1 0.783 ox 
5 35.8 0.730 i mI 
6 39.3 0.685 | 840 
E 7 42.8 0.647 Ca | 
$ 8 45.4 0.615 E- : 
E 9 48.2 0,587 E20 | 
à | 10 50.8 0.562 Sa 
k 11 53.3 0.541 Cd | 
12 55.6 0.521 | A : aa "- 
: dx Bas Shot diameter, D (mm) 
15 62.2 3 = B 
Terminal Speed Fraction vs. Shot Diameter 
1 
y 
| 308 
i E 
i 2 
ni ! 
£ 
| Eos 
دا‎ 
P 
0.4 l 
! 0 5 10 15 
Shot diameter, D (mm) 
D(mm) — Vi(ms)  VW¿(-) t (s) EE mM u 
1 : is dud MM | "Hang Time" vs. Shot Diameter | i 
2 227 2 COME NES 
3 27.8 0.848 3.54 i 
4 32.1 0.783 3.45 4 
5 35.9 0.730 3.40 [3 
6 39.3 0.685 3.36 ~ 3 
7 42.5 0.647 3,34 È | 
8 45.4 0.615 3.32 2 2 
9 48.2 0.587 3.31 E: 
10 50.8 0.562 3.29 | P 
11 53.3 0.541 3.29 ۱ | 
12 55,6 0.521 3.28 
13 57.9 0.504 3.27 0 A 
5 10 15. 
iA 225 mas pd Shot diameter, D (mm) 
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Problem 9.151 [2] 
9.151 An antique airplane carries 50 m of external guy wires 
stretched normal to the direction of motion. The wire diameter is 
5 mm. Estimate the maximum power saving that results from an 
optimum streamlining of the wires at a plane speed of 175 km/hr 
in standard air at sea level. 
Given: Antique airplane guy wires 
Find: Maximum power saving using optimum streamlining 
Solution: 
FD 
Basic equation: Cp = P = Fp V 
2 
; ; ; km m 
Given or available datais L = 50-m D = 5-mm V= a V = 48.6— 
r 5 
A=L-D A= 0.25m* 
k 5 m” 
p = 1.214 wets (Table A.10, 20°C) 
m 5 
A V-D 4 ; 
The Reynolds numberis Re = —— Re = 1.62 x 10 so from Fig. 9.13 Cp = 1.0 
v 
1 y? : : 
Hence P= ند کی‎ V P = 17.4-kW with standard wires 
Figure 9.19 suggests we could reduce the drag coefficient to Cp = 0.06 
H 1 2 
ence Pfaired = OI PAY V Praired = 1-04-kW 
The maximum power saving is then AP = P - Pfaired AP = 16.3-kW 
AP T" ; : 1 
Thus = 94-96 which is a HUGE savings! It's amazing the antique planes flew! 
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Problem 9.152 


Open-Ended Problem Statement: Why do modern guns have rifled barrels? 


Discussion: Almost all projectiles fired by modern guns have smoothly rounded noses and 
abruptly tapered (“boat-tailed”) or square rear ends. The minimum drag for these shapes is 


obtained when the projectile travels with its axis parallel to the direction of motion and its 
nose pointed forward. 


Rifling in a gun barrel imparts spin about the longitudinal axis of the projectile. This rotation 
about the longitudinal axis causes the projectile to act as a gyroscope and stabilizes it during 
flight to keep its nose pointed in the direction of motion. 


Early smoothbore guns primarily used ball projectiles. The balls were spherical and molded 
from lead. Since the ball shape was spherical and had no preferred orientation, no benefit would 
have been achieved from rifling that caused spin. Therefore the gun barrels were bored smooth, 
i.e., without rifling grooves, hence these guns were called “smoothbore” guns. 
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Problem 9.153 


Open-Ended Problem Statement: Why is it possible to kick a football farther in a spiral 
motion than in an end-over-end tumbling motion? 


Discussion: A football has a prolate spheroid shape. It is almost circular when viewed from 
the front (parallel to the major axis), and longer and more elliptical when viewed from the 
side (along a minor axis). The football has more frontal area when traveling with the major 
axis perpendicular to the motion that when it is “spiraling” with the major axis parallel to the 
direction of travel. 


The drag coefficient of the ball when parallel to the flow in spiral motion undoubtedly is less 
than when perpendicular to the flow. As a rough approximation, the perpendicular drag 
coefficient might be similar to that of a cylinder (Cp = 1.2), whereas the spiral drag coefficient 
probably is less (perhaps Cp = 0.2 - 0.3) than that of a sphere (Cp = 0.5). Thus the drag 
coefficient when traveling with the long axis perpendicular to the flow may be 4 to 6 times as 
large as when traveling in spiral motion with the long axis parallel to the flow. The difference in 
the drag-area product CpA will be even larger. 


In tumbling motion the drag-area product varies cyclically between the two extremes we have 
discussed. On average the drag-area product for the tumbling ball is considerably larger, perhaps 
2 to 3 times as large, as when the ball is in spiral motion. Therefore the maximum range (travel 
distance) that can be achieved with tumbling motion is much less than that for spiral motion. 


Also, a well kicked or thrown spiral is a thing of beauty. Perhaps function follows form here! 
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- Problem 9.154 [1] 


Gren! Aircraft with NACA 23012 section airfoils And effective 
lift area, A= 25 mi Maximum flap setting Corresponds 
to condón (B) m Fig. 9.23, Takeoff speed 15 (SD kph. 
Neglect added (4+ dus to ground effect. 


Fined maxi ten Goss mass At takeoff. speed in Denver (31. bl fen), 


chy د د2‎ ٢ مې‎ Spo d, à ^ RE 
Solution: Apply definition of lft Coe ff ie ien 


Basic. ege eio $ G = FL 
ze v “Ap 


Assumption! Litt force mast. Equal Gravity force At tajo ff. 


M Pac maximum Mass, ۵4 mOximicum Litt, So LSE Ce max : 
ed c 
Ced 


3 2 
E Ps CL, mox AP pv 
: ؤو‎ 


From Fig. 9.٩3, Cmax 22-67 br condition 2. Then tor Std. air, | 


5 
Minox = THT, 28 my, 1.23 kg [SOKO y Ar ) cas 
zZ ma Ar boo S 9.817 
Fax = TELLO ke max | 


This represents the maximum mass رود و ری‎ tte, Posstble 
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Problem 9.155 


Open-Ended Problem Statement: How do cab-mounted wind deflectors for tractor-trailer 
trucks work? Explain using diagrams of the flow pattern around the truck and pressure 
distribution on the surface of the truck. 


Discussion: Consider both the cab and the trailer flow patterns and pressure distributions in 
no-wind and crosswind situations. 


No-wind situation: Without the deflector, flow separation from the roof and sides of the tractor 
creates a low-pressure wake and high drag force on the tractor, (Flow patterns and pressure 
distributions on the tractor and the front of the trailer are sketched below.) The cab-mounted 


deflector reduces the pressures on the front of the tractor, thus reducing the aerodynamic drag 
force on the tractor. 


Without the deflector, high-speed air separates from the roof of the tractor and impinges on the 
vertical front face of the trailer. The cab-mounted deflector reduces the amount of high-speed air 
hitting the front of the trailer, reducing the net aerodynamic drag force on the trailer. (Ideally air 
from the deflector flows smoothly along the top and sides of the trailer.) 


Crosswind situation: Without the deflector, flow separates from the lee side of the tractor, 
altering the pressure field and increasing the drag on the tractor. The cab-mounted deflector, 
especially in combination with side seals, minimizes the increase in drag by reducing the amount 
of separation around the tractor. 


Without the deflector, the front face of the trailer is impacted by the high-speed air from the 
freestream flow. Massive separation occurs on the lee side of the trailer, thus altering the 
pressure field and increasing the drag on the trailer. With the cab-mounted deflector, the amount 
of high-speed air impacting the trailer is markedly reduced. This alters the flow pattern and 
minimizes the increase in drag caused by the crosswind. 


Without cab-mounted wind deflector: Titi ke Pace: 


With cab-mounted wind deflector: 


2 EE seal 


CH A 
دح وړ ال‎ / 


Base plate (seas) [masy be Slightly <O gage. 
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Problem 9.156 [1] 


9.156 An aircraft is in level flight at 225 km/hr through air at 
standard conditions. The lift coefficient at this speed is 0.45 and 
the drag coefficient is 0.065. The mass of the aircraft is 900 kg. 
Calculate the effective lift area for the craft, and the required en- 
gine thrust and power. 


Given: Aircraft in level flight 
Find: Effective lift area; Engine thrust and power 
Solution: 
F F 
Basic equation: Cp = — CL = — P=T-V 
—p AV? — pA y? 
For level, constant speed Fp = T Fy = W 
; ; 1 km m 
Given or available data is V= د ږې‎ V = 62.5— Cr, = 0.45 Cp = 0.065 M = 900-kg 
1 5 
kg 
p = 1.21 = (Table A.10, 20°C) 
m 
1 2.M- 
Hence Ep, = Cp pA V = Mg A= SS A = 830m" 
Fp Cp Er 
T=Fp T = 1275N 
The power required is then P = T.V P = 79.7kW 
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Problem 9.157 [2] 


Given: Hudrofeil Craft with effective fori area, A = 47m? 
and mass, m= 800 kg. Fouls have C,=/.6 and Cp = BS, 
Neg leet m Eliana drag. 


Find: (4) Minimum speed lb support craft bn foils. 
(b) Power required at this speed. 
)۵( Maximum speed i£ 110 kit ده‎ Qvailabe, 


Solution: Apply definrkeas of litt, arag Coe ۰٣۱٣٨۸ 5 and pow 


oe Computing eguations: C, = EE. APP IE = FEV 
E ? gara i pa ioo 
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UE Then la 
« Fy = má = C, Azar? So V = ¿ma 

: E Cı fA 
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Problem 9.158 [2] 


9.158 A high school project involves building a model ultralight 
airplane. Some of the students propose making an airfoil from a 
sheet of plastic 1.5 m long by 2 m wide at an angle of attack of 
12°. At this airfoil’s aspect ratio and angle of attack the lift and 
drag coefficients are C; = 0.72 and Cp = 0.17. If the airplane is 
designed to fly at 12 m/s, what is the maximum total payload? 
What will be the required power to maintain flight? Does this pro- 
posal seem feasible? 


Given: Data on an airfoil 
Find: Maximum payload; power required 
Solution: 
R : i kg m 
The given data or available data is p= 123-7 L = 1.5m w=2m ۷ =12— Cy =0.72 Cp = 0.17 
- 5 
2 
Then A = wL A =3m 
The governing equations for steady flight are W = Fy, and T = Fp 
where Wis the model total weight and T is the thrust 
TO 1 y? 
The lift is given by FL = s pur ‘Cy, Fy, = 191N Fy, = 43-1bf 
The payload is then given by W=Mg=F, 
FL 
or M = — M = 19.5kg  M- 431b 
8 
1 
The drag is given by Fp = 5 PAV" Cp Fp 45.28 Fp = 10.2-lbf 
Engine thrust required T = Fp T = 45.2N 
The power required is P=TV P = 542W P = 0.727-hp 


The model ultralight is just feasible: it is possible to find an engine that can produce about 1 hp that weighs less than about 45 lb 
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Problem 9.159 [B]. 


Given: USAF F-lb with Ap = 21.9 m* and C, max Ee AF 
MAXI mea Joss mass OF ^73 //,600 kg. Turn Flown level 
with Aircraft banked, 


Fund: la) Minimum Speed ٨ Standard air for Qu = SF. 
(el Cor respond tag rates. 
(c) Discuss effect DE antuce, 


Solution: Draw free -body Aagnam of Aircraft: 


پد l 3 Fi‏ 
ee E‏ : سرو | : د هته )اټ هك Computing‏ 


Ln 


Ci = EJ 71 -2 - 77 | 4075 má 
/ r 5 
20" ^e K | 
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/ 
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Se quo t Ima Hit ky 
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ZR E RE sin (30-5 ) ma. = mme, =) 
(Far = -= di n لم روس = مس یڅ یاه‎ 
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INE: 
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ER ai te LL CERES s 
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لے‎ UAN 8 5? ps | 
5 S42) مم‎ Sin 19S? | 
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42.38] 50 SHEETS 5 SQUARE 
42.36% 109 SHEETS 5 SQUARE 
42.389 200 SHEETS 5 SQUARE 


vade nu 


۶ 
EI 


[3] 


= 42kN 


Problem 9.160 


9.160 A light airplane, with mass M = 1000 kg, has a conven- 
tional-section (NACA 23015) wing of planform area A = 10 m, 
Find the angle of attack of the wing for a cruising speed of V — 
63 m/s. What is the required power? Find the maximum instan- 
taneous vertical “g force” experienced at cruising speed if the 
angle of attack is suddenly increased. 


Given: Data on a light airplane 
Find: Angle of attack of wing; power required; maximum "g" force 
Solution: 

. . i kg 2 
The given data or available datais p = 123-2 M = 1000-kg A = 10-m 

m 
V = 632 Cy, = 0.72 Cp = 0.17 
5 

The governing equations for steady flight are W=Mg=F, T = Fp 
where W is the weight T is the engine thrust 

; REPE 1 y? 
The lift coeffcient is given by F = P A.V Cg 
Hence the required lift coefficient is Cr = I Cy, = 0.402 

2 

From Fig 9.17, for at this lift coefficient a = 3-deg 
and the drag coefficient at this angle of attack is Cp = 0.0065 


(Note that this does NOT allow for aspect ratio effects on lift and drag!) 


1 
Hence the drag is Fp = 5 PAV" Cp Fp = 159N 
and T=Fp T = 159N 
The power required is then P=TV P = 10kW 


The maximum "g"'s occur when the angle of attack is suddenly increased to produce the maximum lift 
From Fig. 9.17 Cr max = 172 
1 2 
FLmax = spe ‘CL, max FLmax 


The maximum "g"s are given by application of Newton's second law 
M-aperp = FLmax 


where “perp İS the acceleration perpendicular to the flight direction 
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H m 
ence perp = q aperp = 3 


In terms of "g"s = 4.28 


Note that this result occurs when the airplane is banking at 900, i.e, when the airplane is flying momentarily in a circular 
flight path in the horizontal plane. For a straight horizontal flight path Newton's second law is 


M-aperp = FLmax - M's 
Hence = "Lmax =:32:2 m 
perp = TM perp 7 9645 
5 
“perp 
In terms of "g"s — = 3.28 
8 
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Problem 9.161 
9.161 The teacher of the students designing the airplane of Prob- 
lem 9.158 is not happy with the idea of using a sheet of plastic for 
the airfoil. He asks the students to evaluate the expected maxi- 
mum total payload, and required power to maintain flight, if the 
sheet of plastic is replaced with a conventional section (NACA 
23015) airfoil with the same aspect ratio and angle of attack. 
What are the results of the analysis? 
Given: Data on an airfoil 
Find: Maximum payload; power required 
Solution: 
: ; ; m kg 
The given data or available datais V = 12.— p= 123-3 c= 1.5m b = 2m 
" m 
Then the area is A = د.٢‎ A = 3m? 
e b 
and the aspect ratio is ar = — ar = 1.33 
Cc 
The governing equations for steady flight are 
W = Fr, and T= FpD 
where W is the model total weight and T is the thrust 
At a 120 angle of attack, from Fig. 9.17 Cp = 14 Cp; = 0.012 
where Cp; is the section drag coefficient 
B 
The wing drag coefficient is given by Eq. 9.42 Cp = Cpi + — Cp = 0.48 
Tar 
XE 1 2 
The lift is given by FL = y DAY "CL Fy, = 372N Fy = 83.61bf 
The payload is then given by W = Mg = Fy 
FL 
or M = — M = 37.9kg M = 40 
8 
T 1 2 
The drag is given by Fp = she ‘Cp Fp = 127.5N Fp = 28.7 lbf 
Engine thrust required T = Fp T = 127.5N 
The power required is P=TV P = 1.53kwW P = 2.05hp 


NOTE: Strictly speaking we have TWO extremely stubby wings, so a recalculation of drag effects (lift is unaffected) gives 


b = 1m c=1.5m 
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b 
and A =b:c A= 15m? ar = — ar = 0.667 
c 
Ge 
so the wing drag coefficient is Cp = Cpi * — Cp = 0.948 
Tar 
; 1 2 
The drag is Fp = a PAN ‘Ch Fp = 252N Fp = 56.6 lbf 
Engine thrust is T=Fp T = 252N 
The power required is P=TV P - ٧۷ P = 4.05hp 
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Problem 9.162 [3] 


bin: Light plane with NACA ols arta, Sze I0 ra, Ciim, 
Crs ېه‎ V x 228 kimfjhr nêtar sa lr دد‎ a Standard dasg, 


Find: Determine crise Speed Lori NACA blz 215 sechon Qi felt. 


Solution: Apply defini thes oF Cot ffyrc ats, USE clade From Fig, 4. 1G, 


+ A i = e _ 
Competing quatwoas! 4p Cpa * CDi = pue t xL. 


From a free- body diagram, A=W, P = Fo V mp 


Fram Fig. 7.19, "Cog ١2٤ auri ifs Should operas, rear design 1P 
Coe tfrcie its, Thus asstame + 


Section Cu مر و"‎ ara ow! . zs 
—— س‎ — C m E. 

LIS D.3 2.0062 

bb 2٤١٣ AZ 0.003) 


1 
Hus Copey ¥ Ob} +A = 0.0062 *0.00S.€ = 0.0014 
Sb 


Conew % 00081) + -Z = 6.003) + 6.00729 = 0.00539 
T (8.5%) 
Since, سا‎ ler! Fright , 


es FoVinp * DAZEVEN then V dE TA 3 


Ne lp A 
i 
` 1 3 
Cb, ne w 


L 
View نه‎ 5 pa لا‎ 287 km Jhe 


Check assumphen 0n lL: Sce Fiz Ws CALEY thea 


V p $ 
ال من‎ z E u 0, iP 
Veta C&S 


Thtrefere the above eshmat for n€ou cruise ELA 15 Probably 
CONSEPVAFIVE, 


. A موي‎ . | 
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4 
Ma ^. 


Problem 83 


Given: Boeing 7 aircraft, with NACA 13011 Schon, Ap = kooo ft? 
and effective aspect pen ar z26. Ameraff hês ar 


Ve 4D kt, with luz ego lf. 
Find: Estimate thrust needed 4 masatara Steady, level fg ht. 


Solution; frr steady, Evel Fight, thrust equals drag and / fh 
equals tight. 


Computing equatons: Fi «ly * C ie v*A 


() 
Fo = T = ĉo ٨4٨ 2 
Ca 
Cp » Deo + o = po IAS 
Assumphens 1G) Standard air 
(2) bata frm Fag. 4.73 apply 
y 2189 Am, bo, AOL e 28a f see 
nr * Nr Soo Sec 
loyt ے‎ Lx 0.00238 Sing (ors) doe US ال‎ be fa 
TEY zx ys ( Zt. TE. "t 


x Ame T LY 


"Th bt bf loot" 


From Pig.4.23, this corresponds To optration with a single slot 
رم وه‎ ûnê Cpa € 0.0%. Thus 


a وا ل‎ AA 
Frm E.1) GQ 2^ = 


[A 


um .ر(‎ 44) " 
Cp = Dot = AE ZO څ‎ 0.۹5٨ 
To find d nofe 


= C 2D = 0.142 * 0 , 0986 
z* ٤ د‎ EL Y 
Mus 


| 
T2 2 zw > = 1,000 lot, 9.0786 = /7,300 (bf | 
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El 50 SHEETS 5 SQUARE 
O SHEETS 5 SQUARE 
O SHEETS 5 SQUARE 


4 
M 
mnrnO AUR 


[3] 


old = 5.56 


(Cp; is the old airfoil's 
section drag coefficient) 


2 
A = 180-m ar = 
old 18 


Cp 203 Cp; = 0.0062 


Cpgjg = 4 


CDnew = 0.00978 


= 1232 
p 3 


Problem 9.164 


9.164 Instead of a new laminar-flow airfoil, a redesign of the 
light airplane of Problem 9.162 is proposed in which the current 
conventional airfoil section is replaced with another conventional 
airfoil section of the same area, but with aspect ratio AR = 8. De- 
termine the cruising speed that could be achieved with this new 


airfoil for the same power. 


Given: Data on an airfoil 
Find: Maximum payload; power required 
Solution: 


ee 
8 = Cp; + 
Dold Di Tard 
new = 8 
2 
Cr 
C = Cp; + 
Dnew Di 
Tal ew 


1 


m 
Vold = 225— 


The given data or available data is 


Assuming the old airfoil operates at close to design lift, from Fig. 9.19 


Then 


The new wing aspect ratio is 


Hence 


The power required is 


If the old and new designs have the same available power, then 


1 2 1 2 
5 PA Vnew 'Cpnew Vnew = s PA Vold “Cold 0 


m 
new = 236 X 


3 
CDold 
Vnew = Vold C 
Dnew 
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or 


[3] 


> > 
X-F Mia 


M = 311:slug 


ar = 7 


6 = 24.8-deg 


Cp = 0.040 


2 
Cy, 


Tar 


Problem 9.165 


9.165 An airplane with mass of 10,000 Ib is flown at constant 
elevation and speed on a circular path at 150 mph. The flight cir- 
cle has a radius of 3,250 ft. The plane has lifting area of 225 fé 
and is fitted with NACA 23015 section airfoils with effective as- 
pect ratio of 7. Estimate the drag on the aircraft and the power 


FL 

R = 3250-ft M = 10000-Ibm 
ft 

V = 220-— A= 225.ft? 


S 


required. 
Given: Aircraft in circular flight 
Find: Drag and power 
Solution: 
Fp 
Basic equations: Cp - r 5 
2 
٧۷ 
: p 
The given data or available data are 
1 
p= 0.002377. =E 
ft 
V = 150-mph 


Assuming the aircraft is flying banked at angle f, the vertical force balance is 


٢ و‎ ٢ = Mg (1) 


1 2 MV 
—:p-A-V -Cy «sin =— (2) 
2 0 L'sin(8) R 
2 2 
tan(8) = A. B = atan ia 
Rg Rg 
4 
Fy, = 1.10 x 10 -Ibf 
Cy, = 0.851 
Cp = CDinf * — 
Fp = 524-1bf 
ft-Ibf 
P = 1.15x 10°. P = 209-hp 


S 


Fy 'cos(B) - M-g = 0 or 
The horizontal force balance is 


2 
MV 
-Fisin(B) = M-a, = دو‎ or 


Equations 1 and 2 enable the bank angle p to be found 


Then from Eq 1 FL = Me 
cos( 8) 
F 
Hence Cr, = ou A 
1 2 
—.p-A-V 
2 P 


For the section, Cut = 0.0075 at Cy, = 0.851 (from Fig. 9.19), 


so C 

Hence Fp =F 2 
D L C 

The power is P=FpVv 
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Problem 9.166 [4] 


9.166 Find the minimum and maximum speeds at which the air- 
plane of Problem 9.165 can fly on a 3,250 ft radius circular flight 
path, and estimate the drag on the aircraft and power required at 
these extremes. 


Given: Aircraft in circular flight 
Find: Maximum and minimum speeds; Drag and power at these extremes 
Solution: 
Fp Fr, > و‎ 
Basic equations: Cp = 3 3 CL = T. 2 P = Fp: V X-F = M:a 
2 2 
٧ ٧ 
2 n 2 ? 
The given data or available data are 
slug 
p= 0002377 R = 3250-ft M = 10000-Ibm M = 311-slug 
ft 
2 
A = 225-ft ar = 7 
The minimum velocity will be when the wing is at its maximum lift condition. From Fig . 9. 17 or Fig. 9.19 
where Cpinfis the section drag coefficient 
a? 
The wing drag coefficient is then Cp = Cpint* — Cp = 0.155 
Tar 
Assuming the aircraft is flying banked at angle f, the vertical force balance is 
1 2 
Fy cos(B) - Mg = 0 or so ‘Cy -cos(8) = M-g (1) 
The horizontal force balance is 
2 2 
: MV 1 2 . MV 
=F, sin(B) = M:a; = -—— or = p-A-V Cy -sin(B) = —— (2) 
R 2 R 
Equations 1 and 2 enable the bank angle f) and the velocity V to be determined 
2 
MV? : 
R M- 
sin()^ t cos(B)? = | —— | + > =1 
2 2 
2 2 
2,2,4, 2 
Mv" 22 P AV -CL 
or 3 +M `g = 
R 4 
4 
V= ER a ee V = 149— V = 102mph 
ACL q? ; 
4 R2 
2 2 
۷ ۷ 
tan(B) = — = atan| — = 12.0de 
(9- x 8 E ‘| 8 g 
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corresponding to a = 2° (Fig. 9.17) 


Obviously unrealistic (lift is just too low, 
S and angle of attack is too low to 
generate sufficient lift) 


corresponding to a = 4° (Fig. 9.17) 


P = 264hp 


Fp = 9181bf 


5 ft-lbf 
5 


P = 1.37x 10 P = 249hp 


The drag is then Fp = = PAV Op 


The power required to overcome drag is P = Fp-V 


The analysis is repeated for the maximum speed case, when the lift/drag coefficient is at its minimum 


Cr 


CL um ات‎ 
Dinf 76 
2 


Cy, 


Cs = Cnc + —— 
D Dinf ^4 


Cp = 0.0104 
ar D 


ft 
V = (309.9 + 309.9i) — 


2 
Cy, 
Ci ees ee ee Cy, = 0.0203 
وه‎ Spin D 
v=9.22 V = 204mph 
S 
2 
$ = atan b B = 40.6deg 
Rg 
Fp = 4851bf 
5 ft-lbf 
P = Fp V P = 1.45x 10 


S 


value. From Fig. 9.19, reasonable values are 


The wing drag coefficient is then 


From Eqs. 1 and 2 V = 


We try instead a larger, more reasonable, angle of attack 


The wing drag coefficient is then 


4 
Mg 
From Eqs. 1 and 2 V = 255 5 
AC M 
4 R2 
2 
۷ 
tan(B) = — 
OE7 
; 1 2 
The drag is then Ep - SP AV ‘Cp 


The power required to overcome drag is 
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Problem 9.167 tle 
Given; Unpowercd fight corta Mt, drag, and Weight IA ¿pues librium. | 


Find: (A) Show glide Shope angie Is tano و‎ le, | 
(6) Evaluate minimum glide Slope angle foy Boeing TUI 200 af i 
Example Problem 1.2. : | 

| (C) Glide distance from altitude of JO km on û Standard day. | 
: Fi | 
Solution: Consider free-body diagram: m : | 


A eL 


8 Sum frets Along Oc) aad Flight park Fp د‎ 
i normal to ly) flight Path: ma 
| EF = -Fb * mg. Sine =O mg ک٤‎ x 
| tan xt Pe = C5 ta k 
zr č چ‎ A- = = A 6 ac 
EEE g= Fi maácoso =0 Mg tose ٢ 3 3 
4 i Use rela honst1ps from Section $48 < 
4: , 
: : E P ns 1 e 
E Compre EU eguañon ' “n o, o 7 > T Coo 7 Co, C 
Thus Co » fpo € 
2 (ر م60‎ 
70 minim 38, ser d (ole) / App 
9 Cp Cp,o 1 CŽ 
اب اک‎ ELIA = = L à 
a2, (2) € n a t rar 0 when Cora 2 mar = “Dt 


From Example fra ble) 7. Coo = 0.0182 and ar 6.5", Thus optimum 1s 
A y 
Cr = (Tar yo) سا‎ S) 0.0182) g ۵. 7م‎ 


and لوو‎ EG. 1, 


Co, 20M, Ah!  . 55597 = tan j Os tan" (0.0577) = هډب ق‎ e 


le ۵.5۸ T.S) الس‎ 


Note E 45 ؤ//‎ ٥ مهم‎ ۳ pf atmosphere Cond hens. Thus D د‎ ص6٨٤‎ 


eT = 8,52? 


Glide path‏ پا سنا 
eee.‏ | 
TTUTTTTT FR‏ 
MENT.‏ وو A L‏ 
po = à L = 20 io £m = /t È :‏ 
tan — 5847 wee a‏ ورو وو 
لإ ا ا ا 
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Problem 8 [8] 


Given: Chaparral 2F With rear-mountey ووس‎ having span, S» oR, aad 


chord, € = 1 ft. Litt and drag coeff itt nts Same as Convention له‎ 
Section in Fig. 9, T7. Consider V = 120 mph (calm day), = ~ ۱۵١ down). 


Find: (A) Maximan dotuniwara force. 
(b) MA x imi Crease in dece keratin torts, 


Solution: App ly def in teas of CL and Cp - 


Compirt ing e فوص‎ Ci = Et. C= ES ~ = Ep ٤ ares, 
From Fig, 9.17, at a e 12% C= 14 any Cp = ۵۰0/3 , Thus, since K وور‎ 
F, = -Q Aie o Axio xb fe 
ساپ‎ ۲ b ft> ا‎ 0.00788 SIUI y (120 mt , SCEO LE, tn Nt ef eum 
zZ 333 e mM 3660. Slug f 
EL =— 30 bt (downward force) Fa 
4 ! 
Then Fo = A ÊL = CPST) ودل‎ bt 4 25.9 lbf 
t ځار‎ 


Braking thrust increases A5 drag ınereases ANd AS normal force creases 
tire adhesion (friction). Thus 


AF = tt Fi + Fo 
FEV py = ۵٥ (proba bly conservative tor racing tes) 


ÅFa = 110,310 bf 4 25.9 of = 33L lof AFA 
oOo 
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Problem 9.169 


9.169 Some cars come with a “spoiler,” a wing section mounted 
on the rear of the vehicle that salespeople sometimes claim signifi- 
cantly increases traction of the tires at highway speeds. Investigate 
the validity of this claim. Are these devices really just cosmetic? 


Given: Car spoiler 
Find: Whether they are effective 
Solution: 


To perform the investigation, consider some typical data 


For the spoiler, assume b = 4-ft c = 6-in p= 1.23. A = b.c 
m 
From Fig. 9.17 a reasonable lift coefficient for a conventional airfoil section is Cp = 14 
Assume the car speed is V = 55-mph 
h " : lift" : 1 2 
Hence the "negative lift" is FL = SOAN "CL Fy, = 21.71bf 


This is a relatively minor negative lift force (about four bags of sugar); it is not likely to produce a noticeable 
difference in car traction 


The picture gets worse at 30 mph: Fy = 6.5Ibf 


For a race car, such as that shown on the cover of the text, typical data might be 


b = 5-ft c = 18-in A = bc A= 75 V = 200-mph 


In this case: Fy = 10781bf 


Hence, for a race car, a spoiler can generate very significant negative lift! 
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Problem 9.170 [5] Part 1/2 
Given: Man- Powered Bircratt, the Gossamer Condor: 
E WA = 0.4 bf fer wW = azoo lbf ar =1 fsb lb at /٤ mph 
Pitot coutd Sustain 0,89 hp far € 5e. 


Find: Ca) Mininieem power to ۸/۷ 7. 
(b) Compare O ۱/۵۴۸م‎ Puro کو وما‎ 


Solution ! Apply relotonshi~s from Section 9-8" 


TS 5 SOLARL 
I8 å دال‎ ٢ 
Th د‎ SQUARE 


Computing eguatons 5 h/a E -QAzev* Pz Vf 


EEE dt 
- = Xo - "m 
= CDA D pat s 


The task ise fino V to min ina ise, P:‏ زب 


t وه‎ VFo = VGasev?) «(Goo £ 


ad شر‎ 6») 


sa 


But l, varies لات‎ aircraft speld; 


— ې‎ T : E 
FlLaw=Gatevi 1 @ = z ; اي‎ a a 


Subst ولخا‎ itt ان‎ 


f Zl 3‏ نا 
os fs * war l Ee) da Ja AD‏ 
MINIMISE POLET, set AdPfdv ro. Then |‏ 7۵ 


dP . Loy? “awl EWL atp = | 
du" ot وو‎ + Cag لل‎ Ate i | 


Thus Qf Minimum power, 


M Ed lo 
tas mar (54 ye > T "pi ۵۶ ةدڼيا‎ ٥ی‎ power 
Frond Given data, at IZ mph (17.6 fe کا‎ 


ze وک‎ = 4€ i TP = 0.359 let fft 


a Fa Wh A 
l سل‎ = UN MEX. wr des lp a Az We s zoo f, I A 
ون‎ “A ړم‎ ET 7 ET. 


- E 
| l = Fe. bit, tt" = 0,0825 
| P Levis 0.868 Wt 500 څېډ‎ | 


1 . o> Logi? i 
po = Co = Co: = Cp a Ay = (homer - T = CIC? ( Cpe E constant), 


| Ar fug hT Speed fur DUDA Power, lp; =30 
: + 
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Problem 0 [5] Part 2/2 


. 2 
a M 
i = fe = 3%, =3 (0.0107) = 6.082; 


US Mé menenmtena power 


mph pe = 10.9 mph (16.0 j9 (minimum power)‏ 12 = یا 


Thus At minimum DOCU a 


So ; 
- (0.022; rar) غه‎ ٢ minimam power) 
Since 
FL د‎ W=Gagey? 
V= and Vin in _ C, 
OT Aree 
V C Lin 


Th 


Vinin 
AAA لو ومو دو‎ A A تک دوم رد ووو‎ E 
The power requerenant would be 
arlot = Penant 
"drive Np ap f i 
ngar " Vfo = VOS APev* 5, 95055 )àZ£ev? = ۹م و2‎ 
= Z (0.0107) S00 FH, 0.00738 slug (ie og, Hu hps 
fe ونای"‎ te “S50 FE lef | 
Pune = 0.1% he (power ter tight) 
If Tere 70.9 GAL Porp * 577, 
Fortet ي 09.194 یم‎ 0.302 hp oh D power} Portat 
(0.90.7) z | : 


“eS fhiot < D BG bp! 
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[5] : 


Problem 9.171 


Open-Ended Problem Statement: How does a FrisbeeTM fly? What causes it to curve left or 
right? What is the effect of spin on its flight? 


Discussion: When viewed from the side, the Frisbee shape has a rounded upper surface and a 
flat bottom surface. Such a shape is capable of generating lift as it travels through air. 


When a Frisbee is not spinning, the lift vector probably acts slightly forward of the maximum 
thickness on the profile. When spinning, the motion of the surface likely affects the development 
and separation of the boundary layers. This may displace the center of lift slightly to the right or 
left of center, depending on the direction of spin. 


A Frisbee is not stable when thrown without spin: it will tend to tumble as it moves through the 
air. Spin is used to stabilize the motion (just as a spinning gyroscope tends to remain upright). 
The combination of spin and the off-center lift vector cause the Frisbee to precess as a gyroscope. 


Therefore its spin axis can change from vertical while in flight, causing the flight path to curve 
right or left. 


The Frisbee also can be thrown intentionally to curve right or left. This is done by inclining the 
spin axis so that it is not vertical at launch. When the spin axis is inclined to the left (as seen by 
the thrower), the Frisbee drifts to the left along a more-or-less constant radius path. Inclining the 
spin axis to the right causes the opposite effect. 
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Problem 9.172 


Open-Ended Problem Statement: Roadside signs tend to oscillate in a twisting motion when a 
strong wind blows. Discuss the phenomena that must occur to cause this behavior. 


Discussion: Many roadside signs are mounted on a single post formed from stamped steel. 
The post has an open “C” cross-section, which provides little torsional rigidity. Wind gusts 
can excite oscillations in a sign, which acts as a flat plate at an angle of attack relative to the 
oncoming wind. When at an angle of attack, a plate develops both a lift force and a moment 
that tends to twist the sign farther from its equilibrium position. While the sign twists, the 
post provides a resisting torque as a result of being twisted from its equilibrium position. 


As the sign twists, the angle of attack relative to the oncoming air increases. An overshoot 
phenomenon called dynamic stall allows the flow to remain attached and the angle of attack to 
grow larger before stall occurs than if the change in angle of attack had been slow and gradual. 
Once stail occurs, the lift force and moment decrease, and the motion is no longer forced. Then 
the sign tends to return to its undisturbed position. 


The moment of inertia of the sign causes it to overshoot the equilibrium position. The sign 
continues beyond equilibrium and develops a lift force and a moment tending to move it farther 
past equilibrium. The process repeats, with growing amplitude, until a more-or-less steady-state 
oscillation is reached. 


The sign and post form a spring-mass-damper mechanical system. The sign is the mass, the post 
is the spring, and hysteresis and aerodynamic resistance to oscillation provide the damping. The 
“steady” oscillation occurs near the natural frequency of the system. 


At steady state, the rate at which energy is added to the sign by the gusting wind exactly balances 
the rate at which energy is dissipated by hysteresis in the sign motion and its supporting post. 

The oscillations can continue almost indefinitely, and with considerable amplitude, as can be 
observed on a windy day. In some cases the oscillations lead to fatigue failure of the sign post. 
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Problem 9.173 


Open-Ended Problem Statement: An automobile travels down the road with a bicycle 
attached to a carrier across the rear of the trunk. The bicycle wheels rotate slowly. Explain 
why and in what direction the rotation occurs. 


Discussion: All objects moving in ground effect generate lift (the air flows over the top faster 
than over the bottom because of the shape of the automobile). Any object that produces lift 
carries with it a bound vortex that creates circulation about the profile that accompanies lift. 


The bound vortex creates two trailing vortices, one on each side of the car, which rotate in 
opposite directions as they follow in the wake of the automobile. When viewed from the rear of 


the auto, the left side trailing vortex rotates clockwise and the right side trailing vortex rotates 
counterclockwise. 


The swirl in the trailing vortex motion is responsible for the motion of the bicycle wheels (check 
it out on your next auto trip during the summer months!). The swirl causes shear stresses that 
tend to rotate the bicycle wheels in the same senses as the trailing vortices. Again viewing from 
the rear of the auto, the left wheel rotates clockwise and the right wheel counterclockwise. 


(Sometimes the rear wheel of the bicycle cannot freewheel. In this case only the front wheel 
turns slowly as the car drives down the road.) 
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Problem 9.174 [2] 
Given: Are mo ving Over alebomobik, AS Shan 7 Fig. 4.24. 
Fina: (a) Est imate pressure réediuchen 1% Chr LALN A Witdey 14 


"crac te * Coh ite traveling at ریا‎ =/00 Kom lhe. 
(b) Air Speed in Fretstreamn near window opening. 


Solution: Apply the Bernoutte egua tion and pressure deff cient defin rto . 


Basic eguations: NET. TA P- Poo 
eS روه ور د ما‎ n Tou 


fe 
Assumprhons: (1) Steady flow seen from auto پس‎ Y 
(2) Lneoni pressible Flows Js CPLA د راد د سي س د‎ 
(3) No Friction 


CH Fjora ود هله‎ a ع مرک‎ (ne 
(5) Neg lect changes in elevation 
from Fig. 9.25, Cp mar driverk iwndow ranges between LIB And 75.59. 


Mar 


At Va = loo kmíhn, 


boo = duo KO, foo km a TOODI a _ Ar Ems? = 475 N |o?‏ و 
ma” Ar" Em SDDS KG m‏ 2 2 


Thus the pressures outside Ay صا‎ between 
-ho =l Loa e 123x405 e -EIY Nim 
P - منم‎ = lo Leva له‎ /m* Gage) 
and Pra = “Û OAS M —1%0 Nim? Gage ۶ 


fr E 
i D EIC — — 
From the Bernoulli equa her, | 


YS y E = ve (i- b ? f - Vs (1~¢p)‏ = ګِ 


Fone) 
V = Ve flop 
The keal flow speeds range from 
V = Ved1-(-L28) = 100 km JEES د‎ 149 kine (HE mls 
V = Veo JT- Coto) = /00 ex Joso = 118 km/hr (32.4 mis) ۷ 


 —___—————_—_  — __—_ ا‎ 
Thus local Flow pecas are significantly higher than Ve. 
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Problem 9.175 [2] 
Given: Classroom demenstrahen of hf وه‎ spinning CA | ۹۸ 


, : Ni 
xo 2 = " 
4 m. D Zn y Š VETE" 
۷ س‎ us 
قم‎ 


Lo = 300 rpm 
VTYTTTC 


Find: Estimate litt frvee acting oa tylnaer, 
Solution: Apply definthen of lift CoefFicie nt data fom Fra, 4.249, 
Computing equator: Fu = Co A هم‎ 


From Fig, 9.24, C, - G (uD f2v) 


Lo = $00 rey | zmred, mi 
ټوب لت‎ dg T 3.4 rad/s 


ev با‎ f^ 12 in. 


There is a data bend in Fig, 4,29. The highest Va [Lee iS C, rm ١ 


* : 
0.654 ے لا کی ول as La 319 ad,‏ و 


A= DL = 20 لي‎ ٥ي‎ ftt od L 
پنډه/‎ nè SUAE 


For s tandard atmo zp her. د روج هو غه‎ 


v fis 
Fœ lg O13 METE 0.00738 سي‎ MES ivan = ۸ جوم‎ ه١‎ let R 
Best d hee سن‎ 


f This IS quart a ma fj Fryce, but the soted js lows. y 
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- 
MATIDOMAL 


l2 


Problem 9.176 


Given: Golf ball with mass, m= 999 , And diameter, D = 43 mm, کا‎ hit 
From a. Sand trap torth speed, Vos 20 m/sec, and backspin ر‎ l= 
2000 rpm. 


Find: (a) Litt And drag forces acting on bail. 
(à) Express As fractions of mg. 


Solution! Use data from Fig, 4.29 for lift Qad drag catffsc cents. 
Comput ing equations: ه = م‎ iev* Po =A tev? 


8 , y "E ips Abu 
At V = Zo mjsec, thea a= ze v* Sgr hes kg. (toy yo = 244 ل‎ 


From Fig. 4.28, C, =€, (Re, SE 


Fe. =? a Zo m x O3, 5 
5 LHS Kia n mr 


= 5,45 x 05 (assume Cbst fa blekia’) 


L4 2000 EY, Odum, S ¿LAS MN m 
Bez mat سر و‎ aa tens Oe 


wD 
2V 
Then C € 023 and F = GAipvt = «az 
F = 023,T6.043)M* zu, AJ. 4 8,0822 N 

7 ه‎ Am 


From Eg. 49,28 & = .ل‎ Bi, ټک‎ 


Fo = tek = 9:3! LOZIN = ۵۰/7 له‎ z 
Cu 2.23 noc ——— ———(————— HE 
for the ba i, mgs 0.043 ka 9.81 m MSE | 
a : Secr ES un. E DET ^) | 
This 8 0.0172 N ۳-٣ 
E saat a 
HG rn ل۸‎ a 
fe = OLLAS 08 l 
“F Ô HTI N nc tros 


http://librosysolucionarios.net 


ETS $ SQUARE 
ETS 5 SHARE 
ETS 5 SQUARE 


A | 


Fo 


FE 


Problem 9.177 [2] 
Given: Rotating cylinders tr ship propulsion. 
D* 3m, He Bm, NS Wo (pm 
Find: (a) Cakedate DONAR Litt aad drag 
fToree£s On tach ty lide ar Vaso lm fhe. — 


©) Compare to free at ophmam Lip, 
(c) Estimate power needed % Spin rotar at M 750 7 


Soluhon : Apply définrhent ot coethierents, data from Fig 4.23, 


Ax DH‏ څل = equations! L M Cp‏ 9غه دم وا 


Ctt fiere s are Funcheris of spin raho, wb[zv, 


BS ras ‘sj Va DE, loco 1 AS sanm‏ * لے ET S,‏ م USD TEV‏ = دا 


mia rev Gos pyra on 


£D ! > z 
$v + A, 8 Mx نه سپ‎ £57j سور یز دور‎ da 119 wim 


This 5 akteve the range of data Shown ia Fig. 4,24, So نا‎ Could be Jess, 
Choose C, m 43, Cp € 3.5, A2 DH = Gg ې‎ 


F< 48, 4m pM 2509 kN 
int 


Fo = BS, US دم‎ HEM a d$ EN 

me : مس‎ € 
From iaspte hon oF Fig. 4.54, Tas appears close To he 2د‎ rau o Lp. 
Then 0 0 
F = LAP + واوو‎ ٢ و‎ na E Sy.2 KAJ 


ES ee 


= 5,54 kW P 


orgue twits b4 Product of mean Shear stress, 23 area, and "Y He, 


T = TAR = Tronje = TED 
2 


Eshmate (vers Cough fu) L frym fleo piatt Corre lah on. د ئم‎ tem 


= MEDID VtwR)D _ 03.9+ 118) mB ó 7 
dp E a S6 newer ET o 
From Fig. 9.8, ¢ = i2 "0003 T= D a QG = OOS NIN a OISIN 
RA A /n* yn 
Thin : 
T I nn Em, f£ m y 78,7 Alm 
and 


Ves‏ يو لد 7.7 x WS rad.‏ که دې 
em‏ - 
aa Napa‏ 


Se ree pun cen 


The pourr exhi vate. iS grass only, More Spce fao JoforeiadeA Is 
رر‎ d£ d to desigr) tu Ht "لځ خد‎ 
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anos 


Problem 8 [3] 


Given, Armerican And Brihsh goif balls [Problems 1.1 and 1.11), 
dimensions below, Het from Ke at Ve te mie, tard 
backspin, N= 9000 rom, 


Finet! (a) €veduede ltt ane ag frvets 0A اغ‎ ball (express as 
frachons of body force), 
(b) Estimode nadius of Curva hare of .عصرم‎ 
(y Which ban would have the longer range? 


Soluhon ' Apply «e hathens of l4 and dang doe fice rts, data. 


from Fig. 3.23. 

Fe Fe Fb 
X o n uw A m—— د‎ 
5 سل‎ م٨‎ FA J 0 $^ if 


The parameters are Ke aad lipfev; tabulate results: 


Computing equations! = eV; A= TE. 


Bal m O wR A Co Cp Fui Fo 
| €23) Gad FX) Cc وم‎ 6-9 WN) (A) 
Armée lan il jt 423b 2.05 7 p.X. 7 2.0% 
6 مک٤ با‎ Leb LGL pzz Bewos Db 031 1583 143 
Taking rectos fry: the American ba lt ! British bal: 
Win, LL ox oy, سل‎ ٧ £s 
Fulma ur O3 jb CESEN 3.80 ego Ima, 


Fo dmg = 4.51 407 | 77 


Dra FED fo dampute prayechrrs : 


» ee d EE" 
EF, do post ~ Fo 7 MFS = my X. mg, 
١55 ۵م‎ E Smali, So کش دی‎ x]. Then 


[4 V u £ Le 
يم‎ Vg فارسلا ے لے‎ E 
x FL ma. — ma f 3 99-17 E "S fine 7 263 m (American) 


1 سلو‎ dE 
T 5007, NC a m x PIS = 207 m (rH sh) 5 


(Notte bleause "hing » 1, He هط‎ lis Actually rise 1) 
Drag probably is mere important than litt In à fechas range of a 


drive. Therefove one probably tipa ld expect the Britiih batt o 
tarry farther, Range. 


دو کن کا کح وم Oe‏ پس تح دون سس د 
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V = 80-mph 


Problem 9.179 


9,179 A baseball pitcher throws a ball at 80 mph. Home plate is 
60 ft away from the pitcher’s mound. What spin should be placed 
on the ball for maximum horizontal deviation from a straight 
path? (A baseball has a mass of 5 oz and a circumference of 9 in.) 
How far will the ball deviate from a straight line? 


L 
Given: Baseball pitch 
Find: Spin on the ball 
Solution: 
FL > > 
Basic equations: CL = X-F = Ma 
1 
slu 4 ft 
The given or available data is p= 0.00234. = v = 162x10 .— L = 60-ft 
ft 5 
6 nD" 2 
M = 5-0z C = 9-in D=— D = 2.86in A= p A = 6.45in 
Compute the Reynolds number Re = = Re = 1.73 x 10° 
v 


This Reynolds number is slightly beyond the range of Fig. 9.27; we use Fig. 9.27 as a rough estimate 
The ball follows a trajectory defined by Newton's second law. In the horizontal plane (x coordinate) 
2 
ML 
R 


1 2 
Fr, M-ap Mca, and Fr, = pied ‘Cy 


where R is the instantaneous radius of curvature of the trajectory 


From Eq 1 we see the ball trajectory has the smallest radius (i.e. it curves the most) when CL is as large as possible. 
From Fig. 9.27 we see this is when Cy, = 0.4 


Solving for R R= aM (1) R = 463.6 ft 
Also, from Fig. 9.27 a =15 to = = 1.8 defines the best range 
2-V 2-V 
2 2 
Hence w= 152 w = 14080rpm Ww = 16 w = 16896rpm 
: : L 
From the trajectory geometry x + R-cos(0) = R where sin (0) = — 
R 
L 2 
Hence X-*R.[1-|—| =R 
L 2 
Solving for x x=R-R:|1- 8 x = 3.90ft 
R 
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Problem 9.180 [4] 


9.180 A soccer player takes a free kick. Over a distance of 
10 m, the ball veers to the right by about 1 m. Estimate the spin 
the player's kick put on the ball if its speed is 30 m/s. The ball has 
a mass of 420 gm and has a circumference of 70 cm. 


L 
Given: Soccer free kick 
Find: Spin on the ball 
Solution: 
FL > > 
Basic equations: CL سات‎ X-F = M-a 
2 
2 
] : . kg -5m 
The given or available data is p-121— v = 1.50-10 .— L = 10-m x=1m 
m i 
C v. D? 2 m 
M - 420:gm C = 70-cm D =— D = 22.3cm A= E A - 76 V = 30-— 
T S 
V-D 5 
Compute the Reynolds number Re = — Re = 4.46 x 10 
v 


This Reynolds number is beyond the range of Fig. 9.27; however, we use Fig. 9.27 as a rough estimate 
The ball follows a trajectory defined by Newton's second law. In the horizontal plane (x coordinate) 
v? 1 2 
FL = Map = Mraz Me and Fy = seo Cy, 


where R is the instantaneous radius of curvature of the trajectory 


Hence, solving for R = ZM (1) 
From the trajectory geometry x + R-cos(0) = R where  sin(0) = E 
R 
L 2 
Hence x+R-;1-]—] =R 
R 
2. 2 
Solving for R R= 0 un | R = 50.5m 
2-x 
Hence, from Eq 1 Cy = EM Cy, = 0.353 
TET ES wD 
For this lift coefficient, from Fig. 9.27 PT = 2 
2 
Hence w= 1277 w = 3086rpm 


(And of course, Beckham still kind of rules!) 
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Problem 10.1 Bo 


v era. CN Nes N^ ۷ ex v. Sx 8 N RAN Ni | 
Gs es dur GANS OOS LONE 5 UN | 

| سه‎ MEO موه‎ Beds, NG RN 
| dE ASO Baba ton N 1 g 
د د بي د‎ Bade موجه‎ de. > CNN bo 7S e gs 


Coe eo, + D RA drag Lor ei دعاک‎ Mosa Merge 


um‏ ند A‏ مه dL. any m Men. e can US‏ دا 


<q pios Doa m Gata, CM Kop)‏ وکسه موه 
esa‏ نید VO‏ - & 
يسلا Xas rge ns | Sas b o So‏ 


EEE ORE‏ کا ot AA Du‏ دی 
Songer No XN‏ اا دو 


EUN Shock 2 . - د | سر‎ | 
An 


Bi Nona "Brand — i 


| E a l کر‎ 
Fron E لا‎ ER, eh اکا لاه‎ 


MA eeves معن‎ SES XQ QUO XM acb, XE TX UN An, اک‎ 


Sus SN OMAR MC oS فهک‎ Lor RT = hee? 


Que S,» 3450 Y عص ے شو کے‎ ton, A ما‎ le 


AM Teri hos VENOUS 
A 
۹2 ہے د ہے‎ 9o E لر دي‎ OSs | 
E ewe x a E eos" ES "e. PM Xin &* b ماگ‎ 
Na, = تک‎ Mn Ab. = bo eres x cA په‎ on 
Au v9 = په پ‎ doa | Soga | مسا‎ e = OMA ۹ S 
ex? A Vos" su ES 
\ 2. + 
< > EE Veo. S SAM & = 
Wc WA scq = ONF des + arak QR MC ae s 
= ون‎ SSO AE 
Wo = 3.81 پا‎ Mya Y doo 
Wer ẹ= o ۸1 AS لک‎ S zx, پک‎ aN cake 
= 45 1 ج یلا‎ E395 A اه‎ = MCA R Set پا‎ e 
= لا کیل‎ = Sa.3 ods” bn = S., MAD UN. wag , 


> سیو‎ 
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[2] 
oe 
a, "P V2 
Us 
by = 1.5-in 
Q = 3552-gpm 
Win = 148-hp 
H = 164-ft 


Problem 10.2 


10.2 The geometry of a centrifugal water pump is rı = 4 in., Va 


in, bı = b; = 1.5 in, fl, = 30°, fl; = 20°, and it runs at Vo Yuh AV, b2 ^‏ 75 حم 
speed 1500 rpm. Estimate the discharge required for axial entry, B e 01 Ba‏ 
== 1 
U‏ = 


the horsepower generated in the water, and the head produced. 


Given: Geometry of centrifugal pump 
Find: Estimate discharge for axial entry; Head 
Solution: 
Basic equations: Wn = (U2 V, = UV, ym (Eq. 10.2b) 
W, 1 
H- ا‎ - — (U5V,, B U,V, ) (Eq. 10.2c) 
mg g : : 
The given or available data is 
slug 
= 1.94.—— = 4i = 7.1 = 15i 
p 94 a rq = 4in Ty = 7.5in bi = 1.5-in 
ft 
w = 1500-rpm B4 = 30-deg B5 = 20-deg 
From continuity TE e V aysin(Q) Va = Yn 
»^2erb rb rb sin (8) 
Vn 
From geometr V, = U — V p cos =U- ‘COS =U- -cot 
geometry t بې‎ 006)8( = U- — -cos(B) = U = cop) 
For an axial entry Vi =0 SO — ———-cot =0 
: ; ft 
Using given data Uy = wry U, = 52.4-— 
5 
کې‎ 
Hence Q = 2-m-r4-by-Uj tan(B,) Q = 7.91.— 
5 
To find the power we need U>, ي۷‎ and Mrate 
The mass flow rate is Mrate = PQ Miate = 15.4. 3E 
5 
ft 
Vi) = U cot( B Vin = 53.9 i 
t2 2 2-7-r-bj ( 2) 0 Ta 
ft-lbf 
Hence Wm = (Ux Vt2- Ur Vi) rate Wp = 81212: — 
W 
The head is H = E 
Mrate'S 
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Problem 10.3 


10.3 A centrifugal pump running at 3500 rpm pumps water at a 

rate of 150 gpm. The water enters axially, and leaves the impeller V 
at 17.5 ft/s relative to the blades, which are radial at the exit. If 
the pump requires 6.75 hp, and is 67 percent efficient, estimate the 
basic dimensions (impeller exit diameter and width), using the Eu- 
ler turbomachine equation. 


(Eq. 10.2b, directly derived from the Euler turbomachine equation) 


Wip = 6.75-hp n = 956 
and U2 = ryw 
Win = 2 
1 
Mare = 0.6482 
5 
Ip = 0.169 ft Ty = 2.03in 
ft 
و۷‎ = 175— 
5 
by = 0.0180ft by = 0.216in 


Given: Data on centrifugal pump 

Find: Estimate basic dimensions 
Solution: 

Basic equations: Wn = (U) Vr, — Ui Vpr 


کې 
Q = 150-gpm Q = 0.334—‏ 
5 
ft‏ 
Vib? = m 85 = 90-deg‏ 
۷-0 


Vig دوس‎ cos(85) = Uz 


2 2 
Wm = U2 “Mate = 12 70 “Mate 


Win = "Win 
Mate = PQ 
r = 
Mate“ 
Vn2 = Vrp2'sin (82) 
n2 = > : : 
“TUT: 2 
ا‎ 
21۰ Vn» 
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The given or available data is 


` 3 
ft 


w = 3500-rpm 
For an axial inlet 
From the outlet geometry 
Hence, in Eq. 10.2b 
with 


and 


Hence 


Also 


From continuity 


Hence 


Sao Quee w^ paler: : 


Problem 10.4 


Ynemarons Á a con 


| Guen: 


ISO TON‏ هم 


| 

| 

XO DMA | 

Re dios, ees سیا‎ Soo | 
Doda sets TC So 3o | 
تنا‎ TOS | 


REOR.‏ سا 


Ve ها نه‎ esa E EN à Snead | cS ser eS CON QOO S Ao Cor 
wens fw Fe of a= ons A 


8٨ AN Leary’ B 


Comos BEN S. oues LORS, x Ss = (CO, de, SA 

Aes‏ داد dw ¿Nu‏ = ها 

uy LR: ore; flow کی‎ ode HG aná سات‎ 
EN Kou eers ea Ne oce 5 يب هو‎ ko Yee 


sd 


oe 


He ade 


A SHANE اا‎ 


ista Ws or 


A uar 
m Natianai "Brand i 


Ax b meni 


TUN 
2 AN Ne Uu 
ايل‎ OW 
SOL G2 NS A 
ے2‎ 
> a ; ۹ 

TY A : AL = ¿era = Nos evt ET ER‏ پا 

= | Ma a 
وو دي سا‎ uA سي لا‎ SO - Ade Cobh = = څک‎ ek = LA 
Sos Susana ی که‎ | 

us یا‎ “> &x rod HS E 

; x : * tes f GaaS AGS =e 
Ds شا‎ m CAMS Tod Q SSNS MASA E de EO = EC NM Ve 
F i 8 
ردان د په‎ AB, = wa ۵ ones 8 iX. eX MS سل‎ 
; U weh, ۴ = ue Pee ce = IA Wee 
> 
di, BSH 5 2 ان کا‎ a ناسک‎ 
EN CX که‎ O.So "^ ديم‎ n 
= > AB A 
a s S تسه‎ we ےپ‎ (BS AAR ھ٣‎ Py ېې که‎ A 


= ات فو‎ XS NA errata y OAS Xe OS 
v^ & سا‎ ۷ 


SN 


E ٧ DNA E SMS 


* 


ے ی Saa‏ جح يب 
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[2] 
e : 
Va 
Uz 
b, = 1.125-in 
3 
ft 
Q = 334 
S 
ft 
U, = 106.4— 
S 
Wm = 121hp 
H = 320ft 


—-——L وو‎ 


1 , a / 
rb e VA į 
a Ba 
3 9.75 AY p 


Problem 10.5 


10.5 Dimensions of a centrifugal pump impeller are 


۷ 
Parameter Inlet, Section (1) Outlet, Section (2) 
Radius, r (in.) 

Blade width, 5 (in.) 15 1.125 

Blade angle, f (deg) 60 70 


The pump is driven at 1250 rpm while pumping water. Calculate 
the theoretical head and mechanical power input if the flow rate is 


1500 gpm. 
Given: Geometry of centrifugal pump 
Find: Theoretical head; Power input for given flow rate 
Solution: 
Basic equations: Wn = (U2 V, B UV, n (Eq. 10.2b) 
Wp l T 7 
H =—* = — (U,V, — U,V,) (Eq. 10.2c) 
mg g a l 
The given or available data is 
slug 
= 1,94. = 3i = 9.75:1 = 15i 
p E rq = 3in Ty = 9.75-in by in 
ft 
w = 1250-rpm B4 = 60-deg B2 = 70-deg Q = 1500-gpm 
From continuity Q V a sin(B) V Yn 
= = “SI = 
1 qerb rb rb sin( 8) 
Vn 
From geometr V,2U-V,4, cos =U- “COS =U- -cot 
eee ft 
Using given data Ui = wr, Uy = 32.7— رلا‎ = wry 
5 
Wi = Uy - cot( B V 22294 
"7 mb ( 1 ا‎ 
Vip = U5- cot( B V - 104% 
0 2 Lamb ( 2) 0 : 
272 
The mass flow rate is Mrate = PQ Mate = 6.48 3E 
5 
ft-1bf 
Hence Wm = (Ux Vio - Ur Vi) rate Wm = 667287 
W 
The head is H = n 
Mrate'8 
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Problem 6 [2] 
10.6 Dimensions of a centrifugal pump impeller are , f Va " Vaz Vio 
Vib Yuh AV, "2 ha, A V2 
Parameter Inlet, Section (1) Outlet, Section (2) e e Bo NPS 
Radius, r (in.) 15 45 BLA U, Uz 
Blade width, b (in.) 4.75 32 
Blade angle, Û (deg) 40 60 
The pump is driven at 575 rpm and the fluid is water. Calculate 
the theoretical head and mechanical power if the flow rate کا‎ 
80,000 gpm. 
Given: Geometry of centrifugal pump 
Find: Theoretical head; Power input for given flow rate 
Solution: 
Basic equations: Wn = (U5V,, B UV, n (Eq. 10.2b) 
W, 1 
H2—- — (U,V, - U,V,) (Eq. 10.2c) 
mg g z ! 
The given or available data is 
slug 
= 194-5 = 15 = 45:1 by = 4751 = 325i 
p : n1 in 19) 5.in 1 5.in by 5-in 
ft 
کې‎ 
w = 575:rpm B4 = 40-deg B2 = 60-deg Q = 80000-gpm Q = 178— 
5 
From continuity Q V a sin(B) V Yn 
= = “SI = 
۵ 2b rb rb sin(B) 
Vn 
From geometr V = U-V cos =U- -COS =U- -cot 
geometry t j 208(0) = U- = -cos(8) = U- ep) 
eee ft ft 
Using given data Ui = wr, Uy = 75.3— رلا‎ = wry U) = 226— 
5 5 
Wi = Uy - cot( B V = 6.945 
دو ا‎ zu sce 1 = 694" 
Vip = U5- cot( B V 2210 
0 2 2-5-5 ( 2) t2 a 
1 
The mass flow rate is Mrate = PQ Mrate = 346 8 
5 
7 51 4 
Hence Wm = (Ux Vio - Ur Vi) rate Wp = 1.62 x 10 Win = 2.94 x 10 hp 
5 
Wm 
The head is H = H = 1455ft 
Mrate’S 
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(axial inlet) 


kw 


A 
Ka, AV 
N2 
Vi =0 
Wy = 9.15 
H = 14.9m 


Problem 10.7 


10.7 A centrifugal water pump, with 15 cm diameter impeller 
and axial inlet flow, is driven at 1750 rpm. The impeller vanes are 
backward-curved ($, = 65°) and have axial width b} = 2 cm. For 
a volume flow rate of 225 m*/hr determine the theoretical head 
rise and power input to the pump. 


Given: Geometry of centrifugal pump 
Find: Theoretical head; Power input for given flow rate 
Solution: 
Basic equations: W, = (U2 V, 5 UV, ym (Eq. 10.2b) 
Wn l 
mg g : l 
The given or available data is 
- 08 jc b, = 2-cm B, = 65-de 
و : = م‎ a> g— 8 
1 m m 
w = 1750. rpm Q = 225.— Q = 0.0625 — 
r 5 
a Q m 
From continuit Va = تب‎ Van = 6.63 — 
T n2 2-1-2 n2 5 


۷ 


From geometry Vin = Un - ۷25) 8) =U,- و‎ 


Using given data رلا‎ = wry U) = jig 
5 

Hence Vi) =U cot( B Vi) = 10.72 

; kg 
The mass flow rate is Mate = PQ Miate = enc 
Hence Win = Ux Vio Mrate 

٧ 
The head is H = = 
Mrate'8 
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ج کڪ س س 


f 
Q - 70 Q = 8.91.— 
5 
۷ = Yn 
D ‘sin(@) 
-cot 
— (8) 
Wry — —————--cot =0 
w= 105 24 w = 1001 rpm 
5 
ft 
Vi) = 78.4-— 
5 
slug 
Mrate = im 
5 ft-Ibf 
Win = 1.15 x 10 - : Wm = 210-hp 
H = 208-ft 


Problem 10.8 


Geometry of centrifugal pump 


Rotational speed for zero inlet velocity; Theoretical head; Power input 


V, - U,V, n (Eq. 10.2b) 
1 T 7 
—(U,V,, E U,V,) (Eq. 10.2c) 
2 2 
ry = 3-in Ty = 9.75-in 
B4 = 60-deg B2 = 70-deg 
Q ; 
۷ = —— = V sin 
1n 2qerb rb (e 
Vn 
V, = U-V..cos =U- “COS = U 
j c0s(8) = U- g O 
Q 
Us ==—==—:00t =0 or 
Q 
w = ——— cot(81) 
2-171 “by 
5 
Vi =U,-==—— -cot 
gor (82) 
202 
Mate = PQ 
Wm = Uy Mrate 
Wm 
H = 
Mrate'8 
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W, = (U3 


10.8 For the impeller of Problem 10.5, determine the rotational 
speed for which the tangential component of the inlet velocity is 
zero if the volume flow rate is 4000 gpm. Calculate the theoretical 
head and mechanical power input. 


Given: 
Find: 


Solution: 


Basic equations: 


The given or available data is 


slug 
= 1.94.—— 
: 3 


ft 


From continuity 


From geometry 


For V¡¡ = O we get 
Hence, solving for ه‎ 


We can now find U5 


The mass flow rate is 
Hence Eq 10.2b becomes 


The head is 


Problem 10.9 


10.9 Consider the geometry of the idealized centrifugal pump 


described in Problem 10.11. Draw inlet and outlet velocity dia- 
grams assuming b = constant. Calculate the inlet blade angles re- 
quired for “shockless” entry flow at the design flow rate. Evaluate 


the theoretical power input to the pump at the design flow rate. 


[2] 
w = 2000-rpm 
85 = 75-deg 
ft 
Uy = 131.— 
5 
ft 
Vp1 = 109.— 
S 
ft 
Vo = 127.1.— 
S 
Win = 2 


Given: Geometry of centrifugal pump 
Find: Draw inlet and exit velocity diagrams; Inlet blade angle; Power 
Solution: 
7 . _Q 
Basic equations: Wn = (UV, 7 U,V, m Yu 2.7 r-b 
The given or available data is 
Ry = Lin Ry = 7.5-in by = 0.375-in 
3 
1 ft 
p = 1.9428 Q = 800-gpm Q = 18. 
3 5 
ft 
ft 
Vi) = Q Vp = 145 E V= R2 V 
n2 > T-R;:b; n2 um ni R4 n2 


Velocity diagrams: 


Then 8, = 80.9-deg (Essentially radial entry) 


ft 
From geometry ۷ = 0.2198-— Vp = U2- Vnz'cos(62) 
5 


Vi = UL- Vin1'695(81) 


4 ft-lbf 
Win = 5.75 x 10 - 


Then Wa = (Uz Vi2-Uy-Vi1)-0-Q - 


Note: In earlier printings the flow rate was given as 8000 gpm not 800 gpm; water at 1089 ft/s would be quite dangerous! 
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Problem 10.10 [2] 
CRW 3 Na of o ERE کو‎ Dre ees ; E 
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Radue c bea NAS Sos 
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“Bade an de Se CEN es NO 


Ena» دی‎ OS Las E AO Lor EA EN =O ES A ES 


He o. d. ona VN b RAT Power کې‎ 


^ 


FEY MA BR p xens : We NE IR ^ SES 
Sa WS, SACS Cases 
NV eeu eme s S od eres X ed 1 wae and وله‎ 


Y uo eiers amd \eones یلاک ردو دنپ‎ oda 
اي‎ Na, <> C موټا‎ 


dud چو صۀ نکر فد‎ owe x 
M, Xn et Quad) 
. 
S. N 
RUN 
Vous SN 5 Aa = SS = پک‎ Sanh a AÑ, = EE 
= ` S G 
1 2200 ae See ند بک‎ O a 
a CSS € 4D, VÀ 
Sor پلا‎ = o ; Bren A اه‎ S 1-2 O asá GQ = eae 
Sus ESA S NS ANTS 
AS E = So tes T od د‎ . E 
SÓ, GIA, T = > y oe ¥ * ewm £ OAS‘ = Very Ne 1 UT ARAS WAV 
G= ax 4 وک کرد کد کتوه‎ A ls a 
ALL S 
o 
RN A e A Ne > A LO 
پس تا = پا‎ A = ` ^ e v^ x Ae هدو وسو‎ 
E NE C للا‎ nix dos ېنم‎ ۹ AT 
\ Y. 
"NV 3 BAS A BOL \ 3 


` En 
a= AD esae an Ra chon ABA Ban NS AS 
"mE 


z e Ra v 


Moo X A‏ وچ با 
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Note: Earlier printings had 8000 gpm; it is actually 800 gpm! 


Problem 10.11 


V, 


1 in. 

7.5 in. 
0.375 in. 
2000 rpm 
8000 gpm 


10.11 Consider a centrifugal pump whose geometry and flow 


conditions are 


Impeller inlet radius, R, 
Impeller outlet radius, R2 
Impeller outlet width, ba 
Design speed, N 

Design flow rate, Q 


Backward-curved vanes (outlet blade angle), fj 75” 


50-150% of design 


Required flow rate range 


Assume ideal pump behavior with 100 percent efficiency. Find 
the shutoff head. Calculate the absolute and relative discharge vel- 
ocities, the total head, and the theoretical power required at the 


design flow rate. 


Given: Geometry of centrifugal pump 
Find: Shutoff head; Absolute and relative exit velocitiesTheoretical head; Power input 
Solution: 


Wm و‎ - UV) 


(Eq. 10.2b) 
1 
= —(U2V,, - UV) .10.20 
$ 
R = Lin Ry = 7.5-in by = 0.375-in 
"E 
B2 = 75-deg Q = 800-gpm Q = 1.8-— 
S 
ft 
Uy = wR Uy = 131.— 
S 
ft 1 
Vi) = Up Vig = 131-— Ho = —(U2 Vo) Hg = 533-ft 
5 g 
Q ft 
Vi === Vi) = 15. 
n2 2-T-R>)b) n2 5 
V 
n2 ft 
Vas = ۷٧80 ۷ = ۷ = 15.0-— 
n2 rb2 (82) rb2 sin(85) rb2 E 
ft 
Vi نه وس‎ Vi = 12700 
ft 
و و‎ Va” V» = 128-— 
5 
Vo 
a = atan —— a) = 83.5-deg 
V 
n2 
ft-Ibf 
Wry = Uy با‎ Wp = 5.75x 10 Wn = 105-hp 
S 
٧ 
H = e H = 517-ft 
p-Q:8 
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Basic equations: 


W, 


H = m 


mg 
The given or available data is 


slug 


p = 1.94.-—= 
کې‎ 
w = 2000-rpm 
At the exit 
At shutoff 


At design. from continuity 


From the velocity diagram 


Hence we obtain 
with (see sketch above) 


For Vi = Owe get 


Problem 10.12 [2] 


For the impeller of Problem 10.6, determine the inlet Va 


10.12 ۷ 7 
, 7 >_ 7 n a a Ae a 
blade angle for which the tangential component of the inlet vel- Vm má V Vibe Y CA V2 
ocity is zero if the volume flow rate is 125,000 gpm. Calculate the Bae BAD L 
theoretical head and mechanical power input. mm لا‎ $ 
Given: Geometry of centrifugal pump 
Find: Inlet blade angle for no tangential inlet velocity at 125,000 gpm; Head; Power 
Solution: 
Basic equations: Wn = (U2 V, = UV, ym (Eq. 10.2b) 
Wp l T ñ 
H ال‎ = — (U,V, -U¡V,) 8 
mg g ^ 
The given or available data is 
1 
p = 19475 n = 15in ty = 45in bq = 4.75-in by = 3.25-in 
ft 3 
ft 
w = 575-rpm B2 = 60-deg Q = 125000-gpm Q = 279— 
5 
From continuity ۷ Q V a sin(B) V Yn 
= = “SI = 
1 2.r-r-b rb rb sin( 8) 
Vn 
From geometr V,-U-Vga.cos =U- “COS =U- -cot 
geometry t wos) = U- =~ -cos(B) = U- O 
For V4, = 0 we obtain — ———-cot =0 or cot = 
B 1 2-19 :b3 (81) (81) Q 
uncis ft 
Using given data Ui = wr, U, = 75.3.— 
5 
Hence 84 = acot| ——— —— 84 = 50deg 
Q 
ft 
Also U) = wry Uy = 226.— 
5 
Vi) = U cot( B V,» = 201 i 
t2 2 2-7۰ «تا۰‎ ( 2) t2 z 
l 
The mass flow rate is Mate = PQ rate = 540. 5298 
5 
ft-1bf 
Hence Wm اک‎ - Ut Vi) rate Win = 2.45 x 10. Win = 44497-hp 
5 
Wm 
The head is H = H = 1408-ft 
Mrate'8 
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[Bl 


= Y, (v, =p) 


Problem 10.13 


Given: Impeller dimensions of Example Problem (04: LED 7۹7 


DUES va: 
Find: Constriet vefocitey diagram tre . 
Shockless Flow at the imt ilen mbet, É * 0,383 n. 
Laveshgadk, effects مو‎ ja let Flow axle of: A|*39$0 7 
(A) varia hons N mpeller Lu cel Fh 
(b) variations مر‎ ¡oler diiit ٧۵۳م‎ 
:ود‎ QF Sagat a اس‎ mua = 0334 fr? see; رم ېآ‎ = 0.85 21 FF 
FH. “7.4 gay Atos 
b a 0210 fr; yy = FESO DE X IT د هه‎ LL Te 
Fyb oi rev “bos 
i : / £ 
لے ےک ے‎ du e i 720 
Fro rm Contrata, Va, TE رز‎ E da er 32.0 fF fs 


U, * wr, > tae DOSLI #۸ بپ‎ 18.8 & fs 


= tan? VL = ¢ S00 2359.57 
۸ th en” EE F) 


Thus for radial arts, 


Gere + L5 = 4 ERG? * ها وک‎ |e 
i A | 
lo Change Ogg! (A) Vary b with ng AER seiri; Y. دن‎ Imri i 
Ed A o | 
= TETA tran oe ce 5 
(e, tan ae, So i5, 1 a b y 
£o 
مدل-اېېونا‎ ( 
Bere دند‎ A, 0 
D 0.0 002 ÖB poy L 


| 
| 
i 
i 
1 
1 
| 
| 
] 


bH) 


Vary [alet Suirl (Vy, ) with b= 9.0319 fH:‏ (طا 


A, = toa! Va: s Ø, f که‎ V f epo 


Dope a gg? 75, ee leg) 
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" Yos "دو‎ ! 


[3] 
n = 75-96 
(10.2b) 
Win = 33.8kW 
6 = 61.3deg 


= 45.kW 


D = 300-mm 


Problem 10.14 


10.14 A centrifugal pump runs at 1750 rpm while pumping water 
at a rate of 50 L/s. The water enters axially, and leaves tangential to 
the impeller blades. The impeller exit diameter and width are 300 
mm and 10 mm, respectively. If the pump requires 45 kW, and is 
75 percent efficient, estimate the exit angle of the impeller blades. 


Given: Data on a centrifugal pump 
Find: Estimate exit angle of impeller blades 
Solution: 
i , . kg L 
The given or available data is p= 999-5 Q = 50-— 
= 5 
w = - 7 by  - 76 


The governing equation (derived directly from the Euler turbomachine equation)iig, = (UV, — U, Vm 


Wm 
Vg c. 
20 
Wm = "Win 
m 

Vip = 2462 
Vg) = 5317 


For an axial inlet Va =0 hence 
We have U) = Su رلا‎ = men and 
2 5 
W, 
Hence Vi = m 
۷ = Q 
From continuity n2 ~ T-D-b, 


With the exit velocities determined, D can be determined from exit geometry 


۷ 
tan(B) = E ES or 


۷-رلا 
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Problem 10.15 [3 
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Problem 10.16 [1] 


10.16 Repeat the analysis for determining the optimum speed 
for an impulse turbine of Example 10.5, using the Euler turboma- 
chine equation. 


Given: Impulse turbibe 
Find: Optimum speed using the Euler turbomachine equation 
Solution: 


The governing equation is the Euler turbomachine equation 


Tenant = V4 — nV, n (10.1c) 


In terms of the notation of Example 10.5, for a stationary CV 


u ح- وح‎ ٤ U = U> =U Vi = ۷-۱ Vig = (V—U)-cos(®) and Mflow = P:Q 
Hence Tohaft = [R (V = U)-cos(8) - R-(V - ل6‎ Tout = Tshaft = Q- R(V — U)-(1 - cos(0)) 
The power is Wout = “Tout = P:Q:R:w"(V — U)-(1 - cos(0)) Wout = P:Q:U-(V — U)-(1 - cos(0)) 


These results are identical to those of Example 10.5. The proof that maximum power is when U = V/2 is hence also 
the same and will not be repeated here. 
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Problem 10.17 [3] 


10.17 A centrifugal water pump designed to operate at 1200 
rpm has dimensions 


Inlet Outlet Determine the flow rate at which the entering velocity has no tan-‏ د و0 
Radius, r (mm) 90 150 gential component. Draw the outlet velocity diagram, and deter-‏ 
Blade width, b (mm) 10 7.5 mine the outlet absolute flow angle (measured relative to the‏ 
Blade angle, 6 (deg) 25 45 normal direction) at this flow rate. Evaluate the hydraulic power‏ 
delivered by the pump if its efficiency is 70 percent. Determine‏ 
the head developed by the pump.‏ 
Given: Data on a centrifugal pump‏ 
Find: Flow rate for zero inlet tangential velocity; outlet flow angle; power; head‏ 
developed‏ 
Solution:‏ 
kg‏ : ; : 
w = 1200-rpm n = 70-96‏ ووو = The given or available datais p‏ 
m‏ 
b, = 10-mm 84 = 25-deg rj = 150-mm by = 7.5-mm B5 = 45-deg‏ 7 ح rq‏ 


The governing equations (derived directly from the Euler turbomachine equation) are 


Wy = (UV, i UY, n (10.2b) 
Ms wy 
و‎ = (UaV UM) (10.2c) 
M. 
We also have from geometry a = atan! — (1) 
Vn2 
From geometry Vy = 0 = Uy —V41-cos/ B1) = ry-w Yn cos( B 
0 17 Vir cos(B4) = 1 sn) (81) 
and from continuity Val = 9. 
20r: b4 
Q 2 L m 
Hence Tj) — ————— —— = Q = 2-1 b]:w:tan(By) Q - 29.8— Q - 0.0298 — 
2- rj bj tan (81) 5 5 


The power, head and absolute angle a at the exit are obtained from direct computation using Eqs. 10.2b, 10.2c, and 1 above 


m m m 
U4 = yw Uy = Mac رلا‎ = ryw U2 = ae Va = D 
۷ 
n2 
From geometr Vi) = Us — Va»: cos = Ty: W + -————:COS 
8 y Q = U2- Vz cos(B5) = 2 sin(55) (82) 
and from continuity Vu = Q Vi = 422— 
2-1-۰2 5 


http://librosysolucionarios.net 


Vn2 


Hence Vi) = Dw ۷ = 14.6 £ 
t2 2 tan(85) t2 ims 
Vo 
Using these results in Eq. 1 a = atan —— a) = 73.9deg 
Vn2 
Using them in Eq. 10.2b Wm = (Uz Vez - Ur Vg) eQ Wp = 822kW 
1 
Using them in Eq. 10.2c H = = (Ua Via Ur Vg) H = 28.1m 
8 


This is the power and head assuming no inefficiency; with n = 70%, we have (from Eq. 10.8c) 


Wh = n Win Wh = 7 
H, = 7-H H, = 19.7m 


p 


(This last result can also be obtained from Eq. 10.8a W} = p-Q-g Hy) 
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n = 85% 


Problem 10.18 


10.18 Gasoline is pumped by a centrifugal pump. When the 
flow rate is 0.025 m/s, the pump requires 15 kW input, and its ef- 
ficiency is 85 percent. Calculate the pressure rise produced by the 
pump. Express this result as (a) ft of water and (b) ft of gasoline. 


Given: Data on centrifugal pump 
Find: Pressure rise; Express as ft of water and gasoline 
Solution: 
Basic equations: n= pea 
Wn 
k m? 
The given or available data is pq, = 1000.55 Q = 0.025-—— Wy = 15:kW 
m 5 
: 1 
Solving for H H = H = 52.0m H = 171 ft 
e Tr Win 
For gasoline, from Table A.2 SG = 0.72 H, = ———— H, = 72.2m 
8 SG. Py QZ 8 
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Problem 10.19 [3] 


10.19 A centrifugal pump designed to deliver water at 30 L/s 
has dimensions 


Parameter Inlet Outlet 
Radius, r (mm) 75 150 
Blade width, b (mm) 7.5 6.25 
Blade angle, f (deg) 25 40 


Draw the inlet velocity diagram. Determine the design speed if 
the entering velocity has no tangential component. Draw the outlet 
velocity diagram. Determine the outlet absolute flow angle 
(measured relative to the normal direction). Evaluate the theo- 
retical head developed by the pump. Estimate the minimum mech- 
anical power delivered to the pump. 


Given: Geometry of centrifugal pump 
Find: Draw inlet velocity diagram; Design speed for no inlet tangential velocity; Outlet angle; Head; Power 
Solution: 
Basic equations: Win = (UaV, - Ui Vp) rh (Eq. 10.2b) 
Wn l 
Mg g : i 
The given or available data is 
rq = 75mm rj = 150-mm bi = 7.5-mm by = 6.25-mm B4 = 25-deg B2 = 40-deg 
kg L m 
p= 1000: Q = 30.— Q = 0.030:— 
5 5 
m 


Velocity diagrams: . Va = Vi (Va = 0) 


۷ Va A4. 0 
From continuity n= Q — V psin(B) Vib = n A SS I 
2o rb sin(B) Va Az ryb 
Vn 
From geometr V, = U — V COS =U- “COS =U- cot 
geometry t ics (B) = U- = O = U- ep) 
: Q 
For V,, = 0 we obtain — ———— —-.cot - 0 or u. )سلا‎ - 0 
Solving for œ w= و‎ w= هدې‎ w= 2318rpm 
5 
Hence Uy = Wry Uy = 1892 رلا‎ = WI) رلا‎ = 364.2 
S S 
opu e V = 5.092 Vas cot(B V> = 30.3 2 
n2 2-7 وتا‎ n2 ud t2 2 2-7-7.b5 ( 2) t2 pi" 
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hi» 
From the sketch = o = atan| —— ره‎ 80.5deg 
Vn2 
Hence Wm = ولا‎ PQ Win = 33.1-kW 
Wm 
The head is H = H = 113m 
p:Q:8 
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Problem 10.20 
Ena: Garr) fugat pump operating cut th water, at Shutoff. 


Actual head Me is 70 هم ےم‎ ۸۴ af therehcat, 


Find: (ay Prepare log-log plot of impelier padees versus Fore ical had 
Mit, له‎ nh Standard moter Sotects AS Bourne meer , 
&) Explain How this plot might be ted frr pre / 2 وخهصض‎ WSA. 


hahon: Apoly the Euler turbariachne egua ton. 
l 1 ; xolt) 

lompat ۹ egua hon H= g (U Mo T AN 

Assum phieas : (1) No through flow, (2) Neg lect V, 


Then H = glues to kr) x 2 مه‎ bg H * tlg ew eg Re ~ logg 


These toil be straight (nes OA a Plat of log Ki VS. bog H (ar constant ad ): 


ho 


Kam) 


Hon (theare tices / 


/ /0 (o? 10% Hen etuer) 


r A gia a pp heathen enter the abscissa with the desired head, move 


Up o the desired driver Speed, thin move left To Tae ٥ل هځهو‎ and 
Nas HE quiera impeller radies, The exeun ple (--- June) lustrates, 
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Problem 10.21 


10.21 In the water pump of Problem 10.7, the pump casing acts 
as a diffuser, which converts 60 percent of the absolute velocity 
head at the impeller outlet to static pressure rise. The head loss 
through the pump suction and discharge channels is 0.75 times the 
radial component of velocity head leaving the impeller. Estimate 
the volume flow rate, head rise, power input, and pump efficiency 
at the maximum efficiency point. Assume the torque to overcome 
bearing, seal, and spin losses is 10 percent of the ideal torque at Q = 


0.065 m/s. 
Given: Geometry of centrifugal pump with diffuser casing 
Find: Flow rate; Theoretical head; Power; Pump efficiency at maximum efficiency point 
Solution: 
Basic equations: Wn = (U5V,, — U,V, ym (Eq. 10.2b) 
Wn _ | 
mg g 
The given or available data is 
kg 
p= 1000. Ty = 7.5-cm by = 2-cm B5 = 65-deg 
m 
w = 1750-rpm w= 183.54 
5 
ې‎ Ê m 
Using given data Uy = wry Uy = aT 
m? 
Illustrate the procedure with Q = 0.065.— 
5 
په‎ Q m 
From continuit Vi) = چغ‎ Va = 6.9— 
: 02 09717 n2 5 
22 
From geometry Vi) =U- ۷2٥٥) 6( = U- ا‎ 
sin (82) 
m 
Hence Vi) = U) - —————-Cot Vi) = 10.5— V, = 0 (axial inlet) 
وږو‎ yb; (82) 0 3 tl 
| 2 2 m 
Vo = Vn? + Vo Vo = oe 
U>: V. 
22 
Hideal = E Higeg] = 14.8:-m 
W. us 
mideal p ideal 
Tfriction = MM وود بپ » سو‎ TEE 
Q:P-8Hideal 
Tfriction = 10:%: T Tfriction = 513N.m 
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2 2 
"hé Vm 
٢ = 6096-075 Hactual = 303m 
q= دم‎ 7 SRL. A n= 18.7% 
Q: pg Higea] + & T friction 
25r 
20r 
$ 
> 157 
U 
= 
E 
E 10r 
+ 
25 
5r 
0 0.02 0.04 0.06 0.08 0.1 


Q (cubic meter/s) 


The above graph can be plotted in Excel. In addition, Solver can be used to vary Q to maximize r. The results are 


3 


In 
Q = 0.0282 — n = 22.2% Hidea] = 17.3m H 


actual = 76 


Wm = Q:0°8:Hideal + & T friction Win = 5-72kW 
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Problem 10.22 pr 
Given: Performance ملت‎ s (Append D) tor Peerless YAEIZ peenp at — 
1150 and 3550 nominal "Pm, with û 1.12 ia, impe Her, 


Find: Obtain and plat curve fats for Jo Ta had vs, delivery ateach | 
spted frr Tui pump, 


Solution: Tabulate data trom Figs, D.4 (MSD rom) ana DS (ass rpm) : 


So rpm: Oem) 0 200 Yoo 600 | 
H (t) 155 150 137 106 i 


. : 72 
Curve-Fit: AU) = 150 13Lxw0"*[Qlgpm)) ; ۳٣ 44 


A) iSt 451 134 107 
2558 rpm: Úlgem) ð 400 Do 1200 
H CF) LZS م6۹‎ SLE ري‎ | 


2004 - 2 | 
Curve fee: HUFF) = Gur - 1,33 x ٥ inaen] y 8 5.994 | 


BU but 619 Gee 44g | 
Plot: | 
3 | 
boo 
n 
EN 
Bw 
= Hos 
3 
$ س‎ 
E 
8 i 
۵ 200 Goo bos foo looo 1240 


Volume Flos Eae, a (gpm) | 
` | 
i 
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Problem 10.23 CE‏ د 


| bivin: Refermance curves (Append ix D) for Peertess IA 128 pump at | 


| WS and $30 nominal rpm, with an ٥ in, Came ter mpeller, 


| Find: Obtaia are plot curve-tits for total head versu delivery at | 


| tach sped fr this pump. | 
| Solution: Tabulate data trom Figs, DA (70S ram) And D.10(2%0 rem): 
| WS rem: &@pm) 0 Z0» ooo loeo £000 | 
. 8 HH) 9 Se So 43 ED | 
a | EM à i 
ES | Curve fati Bd) 257, — 4,09 x io "[Atgom)) ; res p.999 i 
ou Été) | 51? 56٥ 513 U54 د"‎ | 
3 Ego rpm: Q (4pm ) 0 ¿000 هموا‎ ooo $000 Jo, 00D | 
دت‎ H le) G2 33 £4 77 G8 50 ٠ 
LS i : E 2 i 
NE Curve-tit: H (Ft) = WS -4.01x10 [Goo] j ۳٣ 0.47 | 
: ئو‎ -——— MÀ 1 
| P 3 89.3 S.i Tf 65.9 SS | 
| A es ee LIFE e 
: Plot: | 
| ipo | 
| | 
e | 
A | 
| x 
| Xx 
A | 
E 50 | 
y | 
e | 
| x | | 
i 0 2000 4000 6000 Lo 19,000 
| 
| Volume Flow kate, A 3pm) | 
| 
| | 
| 
| 
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Problem 4 [3] 


10.24 Data from tests of a suction pump operated at 1750 rpm 
with a 35-cm diameter impeller are 


Flow rate, O (m/s x 10?) 17 26 38 45 63 
Total head, H (m) 60 59 54 50 37 
Power input, P (kW) 19 22 26 30 34 


Plot the performance curves for this pump; include a curve of effi- 
ciency versus volume flow rate. Locate the best efficiency point 
and specify the pump rating at this point. 


Given: Data on suction pump 
Find: Plot of performance curves; Best efficiency point 
Solution: 
Ph 
Basic equations: Np = = Py, = p-Q-8-H (Note: Software cannot render a dot!) 
m 
p = 1000 kg/m? Fitting a 2nd order polynomial to each set of data we find 


H --8440Q? + 167Q + 59.9 


o7 | ao | 19 | 100 [5275 
Finally, we use Solver to maximize 7 by varying Q: 


0.038 774% 
0045 735% THD 10 
0.063 67.3% 01045 76.9% 
Pump Performance Curve 
70 > + 100% 
< H 
60 4 
n—> 
+ 75% 
50 4 
— 40 1 و‎ 
o 
& +50% © 
x 30 - > 
20 4 
+ 25% 
10 4 
0 1 1 1 1 1 1 0% 
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 
Q (m/s) 
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Problem 10.25 [3] 


10.25 Data from tests of a suction pump operated at 1750 rpm 
with a 35-cm diameter impeller are 


Flow rate, Q(m?/s X 10) 18 28 35 50 58 81 
Total head, H (m) 62 62 61 ST 3 41 
Power input, Y (kW) 22 26 30 34 37 45 


Plot the performance curves for this pump; include a curve of effi- 
ciency versus volume flow rate. Locate the best efficiency point 
and specify the pump rating at this point. 


Given: Data on suction pump 
Find: Plot of performance curves; Best efficiency point 
Solution: 
Ph 
Basic equations: lp = A Py = P-Q-8-H (Note: Software cannot render a dot!) 
m 
p=1000 kg/m? Fitting a 2nd order polynomial to each set of data we find 
H=-5404Q 7 + 194Q + 60.5 
Q (m/s)|H (m|7,, (KWP, (kw|n (%) 7 =-197Q * + 23.00 + 0.150 
0.018 49.8% 
0.028 65.5% Finally, we use Solver to maximize 77 by varying Q: 
0.035 63.8% 
0050 | sr | 34 | 206 7 32 نکل‎ 
0.058 81.5% 705 3257 
0.081 72.4% 
Pump Performance Curve 
70 4 + 100% 
ے‎ H 
60 - n—> 
+ 75% 
50 4 
= 40 4 ~ 
o 
E +50% Y 
ap. ii 
20 4 
+ 25% 
10 4 
0 T T T T T T T T 0% 
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 
Q (m/s) 
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pQsH 
oT (Eq. 10.8c) 
T = 6.25-lbf -ft 
Vo = 12 
Hp2 = 205-ft 
Wy = 2.55-hp 
Win = 327: hp 


We need a 3.5 hp motor 


We = 2.87-kW 


Given: Data on centrifugal pump 
Find: Dynamic head at inlet and exit; Hydraulic power input; Pump efficiency; Motor size; Electric power required 
Solution: 
Basic equations: W, = pQsH p (Eq. 10.8a) 
2 72 W, 
) V ) V — "k 
H, =|L4 42 ې په‎ + (Eq. 10.8b) =p 
P (eg 2 pg 28 Wn 
S = discharge 2 ~ suction 
The given or available data is 
slu ft? 
p= 194.778 w = 2750-1pm — m, = 85-96 Q = 65:gpm  Qc-04145— 
ft 
i ft 
Py = 17.5- psi Z1 = 8.25-ft Vy, = 9— P2 = 75-psi Z) = 30-ft 
5 
2 2 
P1 V1 p» o 
Then Hp1 = — + —+ Z4 Hp1 = 49.9. ft Hp2 = — + —+ 22 
pg 28 pg 28 
ft-lbf 
Also, from Eq. 10.8a Wh = )89م‎ - Hp1) Wh = 1405.——— 
; ar ft-lbf 
The mechanical power in is Wp = w-T Win = 1800-—— 
Wh 
From Eq. 10.8c Mp = TUM Mp = 78.0-96 
m 
W : 
The input power is then We = E We = 2117- E We = 12 
1 5 


Problem 10.26 


10.26 Data measured during tests of a centrifugal pump at 2750 


Inlet, Section (D Outlet, Section (2) 


75 
30 
12 


17.5 
8.25 
9 


rpm are 


Parameter 
Gage pressure, p (psi) 
Elevation above datum, z (ft) 


Average speed of flow, V (ft/s) 


The flow rate is 65 gpm and the torque applied to the pump shaft 
is 6.25 lbf» ft. Evaluate the total dynamic heads at the pump inlet 
and outlet, the hydraulic power input to the fluid, and the pump ef- 
ficiency. Specify the electric motor size needed to drive the pump. 
If the electric motor efficiency is 85 percent, calculate the electric 


power requirement. 
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(Eq. 10.8c) 


Wh = 2.03-hp 


Wy = 2.71-hp 


We = 2.38-kW 


ns W, _ PQ8H, 
P تي‎ 
W, wT 
Q = 65:gpm 
2) = 32.5-ft 
Hy = 124-ft 
p» = 53.7-psi 
ft-Ibf 
Meta 
5 
ft-Ibf 
Wi = 1492: 
5 
ft-Ibf 
We = 1756.——— 
S 


Problem 10.27 


10.27 Data measured during tests of a centrifugal pump driven 
at 3000 rpm are 


Parameter Inlet, Section 0 Outlet, Section (2) 
Gage pressure, p (psi) 125 

Elevation above datum, z (ft) 6.5 32.5 
Average speed of flow, V (ft/s) 6.5 15 


The flow rate is 65 gpm and the torque applied to the pump shaft 
is 4.75 lbf» ft. The pump efficiency is 75 percent, and the electric 
motor efficiency is 85 percent. Find the electric power required, 
and the gage pressure at section 0 


Given: Data on centrifugal pump 
Find: Electric power required; gage pressure at exit 
Solution: 


Basic equations: 


W, = pQeH, (Eq. 10.8a) 
» y? ) y? 
py [Loza AE n (Eq. 10.8b) 
discharge suction 


The given or available data is 


1 
p= 194.775 w = 3000-rpm Mp = 75:% — m, = 85-% 
ft 
. ft 
T = 4.75-]bf -ft Py = 12.5 psi z4 = 6.5-ft Vy = 65— 
5 
w Tp 
From Eq. 10.8c Hp = — ل‎ 
p:Q:8 
0 2 2 
Hence, from Eq. 10.8b P2 = Py + (vı - V5 ) TE 9*8 (n = 25) + p-g Hy 
Also Wy = p:g QHy 
Wh 
The shaft work is then Wn ^ — 
“p 
Wm 
Hence, electrical input is We = — 
Ne 
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Problem 10.28 [2] 


ences Se BEST نا کمهه‎ Sgad ۳ “SEAS of Se QUAN 
coreo, amd Se. read Low CAS SS 


SNO 
سم‎ oe vs gen co ON 
| 6 
Neuss core c Wa = م‎ 
پا‎ 
WNead cortas o,” wy 
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42 W. 


National Brand 32:22 


z 
=" 


Problem 10. 29 [2] 


"T Re Sue ES So d. tes ok Be Cod | | 


ESTI í MDC 
NE EET. 
حا‎ VOS SP CEU جوا يو‎ A Glow . 


a 
Tews لک" کوت گگھی‎ wp 


۳ 
| oo cof Wy wy 


wy ww EN o. X ie» 
e seis a Ea = way ^ داي‎ = DES 


Woe لي‎ ES 
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Problem 10.30 [2] 
Given: Kilogram Freee = Force exerted on | kg la standard Gay ily, 
Metric horsepower (apa) 27S mi kat [s : 


ñd: la.) Deve bp a Conversion relating Apa to U.S. Ap. 
(6) Relat special Speed fora »اسک ال‌ یط‎ Tou brae ~ expressed m 
units of rom, hpn, And m == the Spec í Speed Ca lecce itd 
on. D. S. Customary Units. 


Solution: 
bhp las.) = 550 fi ef, OSM 0۷:36 kgf , PPMS _ 1.01 hom | hpm 
4$ let 7S mi kgf 
/ 

NS cu EL N (p) Š "لام )دس لا‎ 

Ca [^ e] Yu 

. NCram) lepus] * LP hae ys Lite]. "d 

[Rhpm )]'™ “fh G+) Pe Fans 


= ütem Peroni] ^. oe), ا‎ 
Enemy] prn) h fs) 


i رک‎ 
= Mi rper, hom, m) ot, (piso) 


NS cu = 0,228 )کلم‎ rpm, hûm, m) 


ل 
)> زی کن) Check! No iege P =the, =i te) KI,‏ 


N= irom, P= hgm hs tm} Ns > O^ = 4.33 
0 me 


MKUsc5) a E - 0218 “Y 
NsGpm,hpm,m) 84 
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Problem 10.31 [2] 


Given: Typical performance Curis Pr a centr ifi al pump, tested 
with Three differant impttier diameters: 


250 


Y Impeller diameter (in.) 
Efficiency (%) 
60 31 سر‎ 


Total head, H (ft) 
Do 
n2 
x 
e 


0 500 1000 1500 2000 2500 3000 4 
Volume flow rate, Q (gpm) 


Find: (a) Specify the flow nate and head at the best cfficieney porat 
(BEP) turna 12 n. diameter inge flee. ٣ 
(5) Scale these data do pnectich the CEP Gr (( کا حصمه., ور‎ in. dieontfen 
moe (eus . 
(c) Comment on the OCC C UI ee, OF the Aa ling لفا ه726‎ , 


Solution! From tht graph, BEP at Cc for the 12 in. impeller at 


Qe 2200 Gam and Hx 130 4 
in ہے‎ 
From Section 10-4,3, Sealing rules are 
n 3, 2 1.3 
8: a.) i Qu 22009007 2) = iGo gen 


Qix سا‎ 2200 Sgen (2 YP x Z500 3pm 


Ha ye s Hu 130 fe (4)* a ۹و(‎ A 
ths 130 (By. / 53 ff 


Thus BEP, is at Qe /٧۹٥١ ره مو‎ Hr 109 fe "T 


EPa fs at Q z 280 gpm, He 133 ft 


—ÓÁ—— 


ThE Campilt te Sead ng rites Hna To rnont the ام وس‎ fio uy rate Too 
far. Accuracy Luou (E be improved Using A, =A (ln), since Mhe 
Impeller width dots net Change and Hy = Hy (Ds ID.) sine Havs 
Wih these modified rules ` 


Rn, Hu) = (gam, ۱٤۹١ and (Qin, His) = 2580 gam, 153 ft 


These modified Starling points art cier do the لتد د۳۵‎ 7 
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SQUARE 
SQUARE 
SQUARE 


nara E 


Problem 10.32 [2] 


10.32 A small centrifugal pump, when tested at N = 2875 rpm 
with water, delivered Q = 0.016 m/s and H = 40 m at its best 
efficiency point (y = 0.70). Determine the specific speed of the 
pump at this test condition. Sketch the impeller shape you expect. 
Compute the required power input to the pump. 


Given: Data on small centrifugal pump 
Find: Specific speed; Sketch impeller shape; Required power input 
Solution: 
Basic equation: Ns = —Ma (Eq. 10.22b) n, = ad انام‎ (Eq. 10.8c) 
h P j wT 
m 
The given or available data is 
3 
kg m 
p= 1000: w = 2875-rpm Tp = 70-96 Q = 0.016.— H = 40-m 
m 5 
a 
Hence h=gH h = 392 Tm (H is energy/weight. h is energy/mass) 
1 S 
"E 
n "gc i dc —À J o es = 
h 
0.2 0.3 0.4 0.50.6 0.8 1.0 20 3.0 0 
From the figure we see the impeller will be centrifugal Dimensionless specific speed, N, 
Wi -Q-9g: 
The power input is (from Eq. 10.8c) Wm = -0 Wm = وم‎ Wr = 8.97kW 
1 1 
i" i" 
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Problem 10.33 [3] 


10.33 A pump with D=500 mm delivers Q — 0.725 m?/s of 
water at H = 10 m at its best efficiency point. If the specific speed 
of the pump is 1.74, and the required input power is 90 kW, deter- 
mine the shutoff head, Ho. and best efficiency, y. What type of 
pump is this? If the pump is now run at 900 rpm, by scaling the 
performance curve, estimate the new flow rate, head, shutoff 
head, and required power. 


Given: Data on a pump 
Find: Shutoff head; best efficiency; type of pump; flow rate, head, shutoff head and power at 900 rpm 
Solution: 


The given or available data is 


3 
k 
p= .ووو‎ Ng = 1.74 D = 500mm Q= 0.725. H = 10-m Win = 90kW w' = 900-rpm 
T 5 
The governing equations are Wy م‎ 857 (10.8a) 
1 3 
N, =w-Q*h* (7.16a) 
ue 
Hy = C, = — (From Eq. 10.7b) 
0 1 7 
Similarity rules 
Q Q h P P 
Eg 2 (10.19a) — is a (10.19b) — — c بت‎ (10.192) 
3 3 2s 2 2 2 Jo 3.95 
es den w رس بو‎ 2 pw Di ولا وسم‎ 
J 
h = gH h = 98.1 — 
kg 
3 
4 
Neh rad 
Hence from Eq. 7.16a w= : w = 608rpm w = 63.7 — 
5 
2 
۹ 
From Eq. 10.8a Wy = p;Q-g H Wp = 71kW 
Wh 
TS = س‎ MM = 78.9% 
p Wm p 
w 
The shutoff head is given by Ho = — (From Eq. 10.7b) 
8 
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de U; = 15.92 
= س‎ «UY = A ښوه‎ 
2 2 2 5 
Ü 
Hence Hg = — Hg - 25.8m 
g 
Q Q i : 3 
From Eq. 10.19a (with D1 = D>) Rigs or a Q =Q Q = 1.07 
Wy wo w w w 5 
h h ' A2 
1 2 H H 
FromEq.10.9b(wihDi-D9 سلا‎ œ E cU H = H| Ž H' = 21.9m 
2 2 2 2 w 
Hy H my? 
0 0 w 
Also — = — H'a = Hof — H', = 56.6m 
277 o = Ho | z) 0 
w w 
U^ 
(Alternatively, we could have used H'y = ——) 
P P W W ni 
1 2 m m Ww 
From Eq. 10.19c (with D1 = D = or u— uo Wh = Wor) — W'a = 292 KW 
q. 10.19 (with Dy = ووک —=- وص‎ m mE) m 
PW لام‎ w w 
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Problem 4 کم ري‎ 
Gasser ed Bao Se کم‎ NER (4 = 42 hos Y= Acme (and Agere | 
` = ANO a aw A= B vier ages پمک‎ di A e qe د تا‎ SN. 
(ay ¡AREA e gare spad ex Qus «wee. 
q^ SUN OS E. We Taq PLE LA یې کې‎ g 
(EN X Jerre Ae کې‎ g~ C N poro e Asc اد ووو‎ BER and 


cs SI 
¡CY Lo, e i» TNA Cus S Nel No TICN Se Sao, | 
هه‎ Peza دور‎ y ack “owes veg pare OU SO ee | 


SENA en us SE SN ام‎ a —Ó 3 y Q= Na se ې‎ anà 
چا‎ = = SAS SS 
e A کو‎ 


_ we 
Me E * MX 


2o SX rad p SNG aca کا = کې‎ N s 
= zs x 


E 


WX. ceo eC i لا‎ = AD So 


x 


7. 
کے کا‎ E EOS LS يا‎ MORS NM 


| 
Mac vos- aac e( A sce» EON ` 


La 


EN eS = 25-340) La E IV aes TN د‎ 


K 
١ نا‎ 
NE, نز ند‎ a oy \ مهو‎ Y ES = ON Al, 


A 
EN 
^ تا‎ == "ue 
N= ARAN S US s s 
VS SA v CSN 


- و ړي‎ ende 
Q > ss )سه‎ EE) #8 Nac ASO es^ 


: 
i 


' 
| 
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A |‏ لل لل و se. NE GN Ey‏ دو 


ah Era 


[2] 


Uz 


by = 1.25-cm 


Ip = 9.09 cm 


Problem 10.35 


10.35 A centrifugal water pump operates at 1750 rpm: the impeller 


has backward-curved vanes with fj; = 60° and b2 = 1.25 cm. At a 
flow rate of 0.025 m? /s, the radial outlet velocity is Va, = 3.5 m/s. 
Estimate the head this pump could deliver at 1150 rpm. 
Given: Data on centrifugal pump 
Find: Head at 1150 rpm 
Solution: 
Basic equation: H = Wa = l (U,V. — U,V, (Eq. 10.2c) 
y Js = = 2 "fs 1 n) 
mg 8 g 
The given or available data is 
k m? 
p= 1000.5 Q = 0.025. B, = 60-deg 
- 5 
m 
w = 1750-rpm w' = 1150-rpm Va = 35—— 
5 
: دد‎ _ QR 
rom continuity Va = > 
2-TCr5:b, 
"ER = 
Hence با‎ = Ty = 0.0909m 
2 ۲ Vn 
Then Vy =="Vpo Vin) = 2302 
w 5 
Also U' = wr, Uy = 1102 
5 
From the outlet geometry Vig = U5- ۷2٥5) 82( Vi = 9802 
5 
U'. V' 
Finally E E 1 = 10.9m 
8 
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Problem 10.36 [3] 


10.36 A pumping system must be specified for a lift station at a 
wastewater treatment facility. The average flow rate is 110 million 
liters per day and the required lift is 10 m. Non-clogging impellers 
must be used; about 65 percent efficiency is expected. For con- 
venient installation, electric motors of 37.5 kW or less are desired. 
Determine the number of motor/pump units needed and rec- 
ommend an appropriate operating speed. 


Given: Data on pumping system 
Find: Number of pumps needed; Operating speed 
Solution: 
: : Wh 
Basic equations: Wy = PQ gH Mp = ra 
The given or available data is 
k 6 L m? 
p= 1000.5 Qtotal = 110 x 10 — Qtotal = 1-273 — H = 10-m n = 65:% 
i ay 5 
Then for the system Wh = P'Qtotar SH Wy = 125-kW 
Wh 
The required total power is Wi, = — Win = 192:kw 
n 
192 : 
Hence the total number of pumps must be eae = 5.12 , or at least six pumps 
Q 3 
The flow rate per pump will then be Q = ايت‎ Q = 0.212 Es Q= 212.2 
5 5 


100 
From Fig. 10.15 the peak effiiciency is at a 


specific speed of about 


90 10,000 gpm 
New, = 2000 a OS 
Scu 
80 500 gpm 1000 0 


ES 
= 200 gpm gpm ۳7 
Wealsoneed H = 32.8-ft Q=3363-gpm 5 70 100 gpm 
o 
3 ha 60 
u^ 
Hence N = Ngo N = 473 50 
2 40 
Q 5 7 10? 2 3 A4 5 7 10* 1.5 
" . _ N (rpm) [Q (gpm)]! 2 
N, = — سل‎ 
The nearest standard speed to N = 473 rpm should be used سه‎ spaad; Xi, [H (ft)]3 
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Problem 10.37 [3] 


10.37 A set of seven 35 hp motor-pump units is used to deliver 
water through an elevation of 50 ft. The efficiency of the pumps is 
specified to be 60 percent. Estimate the delivery (gallons per day) 
and select an appropriate operating speed. 


Given: Data on pumping system 
Find: Total delivery; Operating speed 
Solution: 
Wh 
Basic equations: Wh =PQgH = — 
The given or available data is 
2 kg E = = 60.9 
p = 10007 Wi, = 35-hp H = 50-ft n = 60-96 
m 
Then for the system WinTotal = 7 Wm WmTotal 12 
W 
The hydraulic total power is WyTotal = MS WhTotal = 7" 
" 
WhTotal te 
The total flow rate will then be Qro = Er QTotal = 71.95. — QTotal = 32293-gpm 
pg 5 
Q 3 
The flow rate per pump is Q = = Q= 12.0. Q = 5382-gpm 
5 
From Fig. 10.15 the peak effiiciency is at a 
specific speed of about 10,000 gpm 
Nscu = 2500 e 50 gom 1000 3000 
e: 200 gpm gpm # 
3 E 100 gpm 
i 2 
Hence N= Nseu TT N = 641 لا‎ 
2 
Q 
40 
5 7 103 2 3 4 5 7 10% 15 
N 1/2 
Specific speed, N,_ = “rpm tgp 
The nearest standard speed to N = 641 rpm should be used [H (f0] 
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Problem 10.38 [3] 


10.38 Appendix D contains area bound curves for pump model 
selection and performance curves for individual pump models. 
Use these data and the similarity rules to predict and plot the 
curves of head H (ft) versus Q (gpm) of a Peerless Type 10AE12 
pump, with impeller diameter D = 12 in., for nominal speeds of 
1000, 1200, 1400, and 1600 rpm. 


Given:  Dataon Peerless Type 10AE12 pump at 1760 rpm 


Find: Data at speeds of 1000, 1200, 1400, and 1600 rpm 


Solution: 


The governing equations are the similarity rules 


Qi Q2 
= (10.19a) 


wD) wD,” 


(10.19b) 


where h = gH 


For scaling from speed c to speed c». with D, = D» from Eq. 10.19a 


and from Eq. 10.19b 


Q (gal/min) | Q | 
|١ 9 | 0 | 
250000 


148 
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Data from Fig. D.8 is "eyeballed" 
The fit to data is obtained from a least squares fit to H = H o - AQ i 


Hy = ft 
A= ft/(gal/min) 


Performance Curves for Pump at various Speeds 


X Fig. D.8 Data 
180 > == = 1000 rpm 
160 1 x x = = = 1200 rpm 
1404 | X x Y — —1400 rpm 
-- 25x a, = = = 1600 rpm 
120 - نز‎ gp x 
Hf) s PE ia x 
TE e يچ 8 '—— پا سه‎ eT dc 1 پا‎ 
AE وو و‎ EL Sd 
60 pues "o کت‎ -a — 
40 | — — -- — -a ie 
20 4 
0 T T T T T T T T 1 
0 00د‎ 1000 1500 2000 2500 3000 3500 4000 4500 
Q (gal/min) 
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[2] 


Problem 10.39 


Given: Area. bound Curves tor pump model lechon and perform 
tee rves Fry dividual Pimp Models, Append rx 2. 


Find: Use these data w verify The similarrhy rules fne a Peerless 


Type PAE IT Pump operated at 1280 and SEED nominas rpm, 
with 1500 in. impe Her, 


Solution: From Figs, 0.4 and AS, ar the best apres port (BER) : 


m Q H 


7 
(rpm) اش‎ m E^ _ Ce) _ 
1750 470 104 17 “13% 
3550 G0 430 Ely Ty 


The Similarity Dudes ar 


à a کش سه«‎ 8-2" 
Wı03 DE ^ WED? wD” 19,3p,5 een 


and 7), «o 


Evaluahng, Garth D z Da, 


Q = a, = 477٥ gpm [155 rpm 


35 rpm | I pr 


Hi = ال‎ MUN 104 £k 


353) Nm 


لر 


1= Ni = 2 7۳۴ 


Comparing Shows ۳٣ agreement. 
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Problem 10.40 
Given: Data form Appendix D frr Merkss Type V AEIZ Pump. 


Find: Verify the Simitarrty rules tre the effects of diameter 
Change AF ND And SEED prommal rom. 


[3] 


Solution: From Figs. D4 and DS ar tht btst cftiaeney pont (BEP): 


N D a H Wim 7) 
(rpm) UAY (gpm) (f+) (hp) (elo) 
1780 io. co uss 97 13 a+ 

11.00 to 10% 7 73+ 
I2. 12. Boo 123 22 73+ 
3550 / ۵-0 430 366 ns 74t 
11.20 Ho 430 135 747 
12.12 ¡(030 S00 18o 74+ 


The Similarity rules ۰۱ 


A ر شا‎ LU نن ريش‎ e ona N, Mh. 
کوت‎ wWDË ` WED? WD, ^ US DS " WEDS 1 


Evalua Hng, جاب‎ l0, خا‎ 1350 rpm, 


Bio " Qul'2)” = 353; Oye O EL = 624 وکو ونو‎ 12b ft 
Ho = 10:6 hp Pz 27.6 hp } y” constant 

Eva ua. hig | Lorth ,ما‎ = Lo وکعة‎ rpm , 
o= TA gpm, An = 13m gpm; Hy * 355 fe, Hy * 522 ft; Pg 93.8 hp, 
He = 2/9 hp; v) = Constant 

Comparing re SL IFS دت‎ data Shows : 
G) Fow rate 1S Scode d poor Ay 


(2) head 4$ Scaled well 
@ power is staked poor ly l because flow rate is scaled poorly) 


Bester results are obtained using thé modified و ۸لصد‎ rules (see p. SLE) ¡ then 


GD? < سم‎ = 389 gpm and Por s Ge. = Hb he at 10 rpm 


and Ag = 802 germ ane A, = 92.2 hp a+ 355) .وهو(‎ 
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د ابت 


Problem 10.41 [3] 


Given: Data in Appendix D for Feeriess Typt ABE pump. 


Find: Verify the Similarity rules frr (a) impe lier diami Kr change 
and (b) Speed Change. 


Solution: From Figs. DF and D.0 at ne best efficiency po v^ (BEP): 


N D 8 |. H lun 


7) 
Cpm _ tay Gem (FY _ (p) _ h) 

TOS 12.0 (250 42 7b ئو‎ 
Mo S3So 37 b3 Eb 

6.0 Sloga 3z 54 Sls 

$70 18,0 7400 63 /S5 gat 
17:0 7400 57 128 87 . 

lbo 7/00 0ک‎ /os5 85 


The Stentor ity Sales are? 


Ar Aa Hi J^ سر‎ 


رد وس 


E ش ,لا ټنه‎ — , Andi = 
UDS Uu? WAD T wD’ W, SDS ETA Kii 


Evaluating wrth Uy, =We = 208 cpm, 
An= Ag و‎ = 5770 Gon, Qu = 4390 Gorn; Hj = Hely" = 37.5 A, 
Hin * 33,2 fr; لی‎ Pel * 57! hp, کی‎ 42.2 hp; n= astan 
At 880 rpm, Qn - C660 9pm, Ly, * SEE gpm j Hr * bS fH, He > SUS fe; 
Y = He hp, fo, =8b.0 hpi 7 = Constant 
Evarlicahog Lor D; = D, = /۶.0-17 
= = = ‘Tes \* 
یلا‎ 2389 (55. base gpm; Has "HE Se) = 5; 
x oss = E = 
Pg Tes 79) 37) hp; v) = constant 
Co mpar ing results ith date. Shows at Constant speeld! 


U) Flows rate scaks poorly, (2) heas scales wen , (3) power Scales 
poorly with tharges diameter, 


Comparing ٥۵ 5 ک#‎ with dato. shows at constant diametr: 
Ql quanhhes scale wel with changes I^ speed. 


Flow rate Sta hag mAy be improved using Thé radir d procedur 
discussed pn page Bib, 17 whit, Q~ Di and P~ p“ 
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pF 


4. 
A 
MATEO nA 


- چا 


75 rom! QORAM û 2000 وم ېب‎ Gooo $000 GEP! Gasp 
H Cfr) 57 5b 50 43 3L d 


Problem 10.42 
Given: Rrfrr nance curves tur Peerless Type te A IB plump, "Agocad x D. 


(with pa [fiia ppt Her). 


Find; a) Devtiop arid plat curve-hts for 703 and £80 nominal rpm. 
(b) Verify tht effect of pump speed 0A scaling Pap Cured 
Using the یل ۳۵م‎ 0f Example Problem 10.7. 


Soluhon: Tabulate perfomance data and carve- Pits. 


CLAS YE - £g (fe) = 57,7 - 4.04 x 10" "Ta ٢ pt =0.494 


880 ram: Q(gom) ð 2000 Yoga ba00 $200 BEP: 1300 
HAL) 47 29 f E Gg bI 
۸١ د لوړځ - رم‎ Ate) = 5,58 -4.01x10 [Alper] 1 pis 407% 
Plot: 100 | 
$ 
^ Sol 
ص:‎ 
: 
& 
P, 
٥ tono doos 6000 2000 10,000 


Volume Flos Rate, (Gpo) 


Using the procedure of Example Problems 107: 


Bg! -0g =O; Ha = Hg (2 )* - 291.9 f 
Ag! = Ac) = 6250 gpn(E = 7800 7 
He! = He( 2)? = 42 AEEY « Osu رز‎ 
Compo-r ing Tho همه‎ ht ښه‎ ١م‎ Shows 904 7 


A 
H = HAA? Hy s 4S f* Compared h HE = 91.9 fk 


A! = Yop "م۸‎ ts (9pm) 2 


} Lo TA 2.0" 
Ale موه‎ ( ft apr) ® 
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DE 
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Problem 10.43 [3] 
Given: Ferturmmant curves Tro 2۸/٤4 کی‎ Ty pe (OAEIL pump, / لك ۸هو‎ ix D. 


Find ؛‎ (A) Develop and plot à curve- A+ Toc ولا(‎ nominal IRA, 
(b) Stak the dure- AY To a purp spted of 1/50 nominal rpm, 
Using tht Procedente of Example Frobdem 10.7. 


So/ution: Tabulate performance data and Curve ter D* lin, 
diameter bE Wer af Pee nominal rpm: 


Qlgoms ¡Soo Looo 2500 3000 Amo ههه‎ 
HEG YE 14) 133 123 110 qc 
A 
| H Cfr) 148 BY 132 122 Ho 5.7 


^ L 
Curve fir: Hit) = 187- ٩ سو سو ادو‎ 


pr نو‎ = Ho ~ ۷ 
The simi (eun itag PANES Aart 


a, = (Qu i b x Hi i 
| tW D> Lp, ` wide WED} | 


The 88 chang ke stays losstaat, So | 


= : eoi Cuz = = 1150 $ = 

Ara) aad tbe وکو‎ MO 0.۰27 H, 

fo lawing he proce decre of Examp lt Froben 10.7, Chen ar HD pm, 
a p 

| HG+) = 0427 Hy = AQ 


i 
=(0.4t7) IS) ft — 3.73 x107*|algpm)] 


i 
te) = 67.0 ۳ - 3.83x10% Jalgam)] [HSO 


pm) | 
Tha p lot is: Performance of Peerless Type 10AE12 Pump | | 
140 + 
120 + 
100 $- 


Head, H (ít) 


; 
i 
: 

٢‏ دن غ 


1150 rpm 


500 1000 1500 2000 2500 3000 3500 4000 
Volume flow rate, Q (gpm) 
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Part 1/2. 


[3] 


Problem 10.44 


Open-Ended Problem Statement: Problem 10.20 suggests that pump head at best efficiency is 
typically about 70 percent of shutoff head. Use pump data from Appendix D to evaluate this 
suggestion. A further suggestion in Section 10-4 is that the appropriate scaling for tests of 
a pump casing with different impeller diameters is Q oc D*. Use pump data to evaluate this 
suggestion. 


Discussion: Data selected from pump performance curves in Appendix D is tabulated and 
plotted on the next page. Data were selected at the maximum efficiency point for the largest 
(Doo) and smallest (Din) diameter impellers with which each pump was tested. 


The head at the best efficiency point with the largest impeller was selected to compare with the 
shutoff head for the same impeller. These data are shown in the first graph, where they are 
compared to the average ratio, Hpep = 0.766 Hy. There is some scatter, but the trend of 
agreement is fairly clear. The actual values suggest a higher ratio than the 0.7 mentioned in 
Problem 10.20, 


The flow rate ratio Opa, Omi, Was compared with the square of the impeller diameter ratio 

ED Das. These data ratios are shown in the second graph, where they are compared to the 
correlation line. Agreement is not perfect, but the trend supports a positive correlation که‎ 
The predicted relationship between diameter and flow rate is Qna Omin = 0.751 (DID). 


(Use of three significant figures probably is not justified in this problem. The data are read from 
small graphs in the Appendix that have already been smoothed by the manufacturer. Also there 
is some uncertainty in selecting the best efficiency point on each curve.) 
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[3] Part 2/2 


| 


i 
| 
| 
| 


Haepl Ho 


(3 
0.84 
0.79 
0.77 
0.85 
0.66 
0.71 
0.75 

0.766 


Problem 10.44 


Speed Ho Hors 
(rpm) (ft) (ft) 
1750 113 95 
3550 636 500 
1750 209 160 
1770 430 365 
1760 170 112 
705 59 42 
880 92 69 
Average: 


Quer (D qal D min)? Umar @ min 


(-) 
1.3 
1.1 
1.3 
1.6 
1.4 
1.2 
1.2 

0.751 


(-) 
2.2 
1.6 
1.8 
1.6 
1.8 
1.4 
1.4 


25 


(gom) ^ (in) (gpm) 
740 11.25 960 
910 12.12 1040 

1375 14.0 1750 
2200 20.0 3450 
2500 12.0 3400 
5100 18.0 6200 
6500 18.0 7900 

Correlation: 
Correlation 


Sample Number 


Que Dis; 


1 1.5 


Fig. Model 


D.3 1 
D.5  4AE12 
DG 4 
0.7 8AE20G 
0.8 2 
D.9 8 
D.10 8 


(rpm) (in) 
1750 7.62 
3550 9.5 
1750 10.38 
1770 16.0 
1760 9.0 

705 150 
880 15.0 


0 0.5 
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Sample 


“oO mn A t Rb د‎ 


Model 


4AE11 
4AE12 
BAE14 
BAE20G 
10AE12 
16A18B 
16A18B 


Q max! Q min 


Fig. 


D.3 
D.5 
D.6 
D.7 
D.8 
D.9 
D.10 


E 
“k 


Problem 10.45 [4] 
Given: Catalog data tur centrifugal pump ar design condihons: 
Q 7-280407; Ap -18.6 ps: — Nz=/7S0 rpm 


Laboratory Hume requires Dy = LOD gpm ar He * Bc fp; The 
ONlg available mtr dévebos S hp at 1150 7 


Fined: (A) Is moter suitable T 
(5) How might the Dump lmatrr match be improved ? 


Solution: To obtain eYficie ne and pump power require ment, Find 


Specific Speta. 
Ap . 
Hz = [8 bf fpa Jy a? y = 6592904 1 4,881 وغه‎ 
65. y» د‎ be" Ft = 42,9 ft jA 2154 à 
+} 
NAS _ ^ 
Ns.» TH». = 1755 rpm (2 gem) = 16SD 
(42.4 f y 


From Fig, 10.15, Y 0.23. Thus 


EIS fa com br 


Tht moter is not Suitable ds drive the - directly. 


= 3.71 ha 


ا س 


The pump at ISO ram که 4۵م‎ more, head and flow than n 
۳د‎ mag bt run at reduced speed, ly using a belt ۷۰ 


To rodea A= 200 / &p سا لړ‎ gy a 2 = 
P y GPM, sole opa? ” lag Dg?! E^ 25940780 وو‎ 


Art [Sio ram the power Reguiremtnt tui lj bt given bly as 7 seis 
د چا‎ FA) دی‎ a7 hp ($9 y*. 2.38 hp 


This کا‎ wel within The capa bi lity of 6 Shp motor. There frre 
nan Pnp at IS 7 
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[3] 


Wy, = 409rpm 


Problem 10.46 


10.46 A reaction turbine is designed to produce 17.5 MW at 0 
rpm under 45 m of head. Laboratory facilities are available to pro- 
vide 10 m of head and to absorb 35 kW from the model turbine. 
Assume comparable efficiencies for the model and prototype tur- 
bines. Determine the appropriate model test speed, scale ratio, and 
volume flow rate. 


Given: Data on turbine system 
Find: Model test speed; Scale; Volume flow rate 
Solution: 1 
Basic equations: Wi = ).م‎ 1 = mech Ne = op 
q : h7 لوب‎ n= Wy S7 15 
2 h 
The given or available data is Pc 
= 1000 kg W, = 17.5-MW ل1‎ = 45 = 120 H, = 10 
p= car کم‎ 175 pz 45m wp = rpm m = 10m 
m 
where sub p stands for prototype and sub m stands for model 
ae 
Note that we need h (energy/mass), not H (energy/weight) hy = Hp g hp = 441 mn hy = Hy 
1 5 
wp Wp. 
Hence for the prototype Ns = No = 0.822 
Pp yp S 1 5 S 
2,4 
1 1 5 
2 4 
WwW p -h 
Then for the model Ns = = = Um = Ng = Wi = 42977 
2 4 2 
P ‘Pm Wm 
H H D w H 
For dynamically similar conditions — رر لل نن پو‎ SO c e Pu EE 0.138 
2 2 2 2 D ې ې‎ H 
Wy Dp Wm Dua p p 
Also = so Qn = Q..—.| — 
3 3 mo Puo | 
uy: Dy نا‎ Pm p p 


To find oF we need efficiency. At Wp = 17.5MW or Wp = 23468 hp and Hp = 45m or Hy — 148ft 


from F ig. 10.17 we find (see below), for 
1 


2 
N (rpm): P(hp) 
Nscu = area وک‎ 35.7 


H(ft) 


m = 93-96 
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180 


100 


TA 
80 
Impulse Francis Axial-flow 
70 
0 10 20 60 100 140 
Specific speed, N, = A (rpm) [P (hp)? 
[H (1019 
0 Wmech " Wmech Q = Wp 
W 3 
m m 
Qu = 0 = 0.384— 
™ ادد‎ i s 
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Efficiency, n (%) 


Hence from 


and also 


Problem 10.47 [3] 
10.47 A 1/3 scale model of a centrifugal water pump, when run- 
ning at Nm = 100 rpm, produces a flow rate of Qm = 1 m? /s with 
a head of Hm = 4.5 m. Assuming the model and prototype effi- 
ciencies are comparable, estimate the flow rate, head, and power 
requirement if the design speed is 125 rpm. 
Given: Data on a model pump 
Find: Prototype flow rate, head, and power at 125 rpm 
Solution: 
Basic equation: Wh =PQgH and similarity rules 
Q Q h P P 
٢ a (10.19a) ae M ان‎ (10.19b) "E Ll (10.192) 
3 3 2 iZ 22 3, 5 3-5 
پس ړم ولل وس لا يه 2رس یوب‎ Di o D2 
: ; : kg 
The given or available data is Nin = 76 Np = 125-rpm p= 1000. 
m 
m? 
Qn = L— Hp = 45m 
5 
From Eq. 10.8a Wim = Quy Hm Whm حا‎ 7 
3 
Q Q w D w 
From Eq. 10.19a (with Dm/Dp = 1/3) P لل‎ v Qa -Q |] د‎ E 
P 3 3 p mj m 
Wp Dp wm Pm m m m 
N 3 
27.) للا‎ 23389. 
Qp = 270g N. Qp = 33.8 : 
h h gH gH 
From Eq. 10.19b (with Dw/Dp = 1/3) Eee or 8 E 
ds wD ep w -D s 
p P m m P P m "pm 
wp 2 D, 2 š " 2 N, 2 
Hy = Hr دو لک‎ — Hy = 9% Hp — Hy = 63.3m 
Ym) (Dm Wm Nm 
3 5 3 
Pp Pm Ww Dp 5 Wp 
From Eq. 10.19c (with Dm/Dp = 1/3) - or Whip = Wh |—| =3 Wim — 
5 3 د‎ p 7 m Dm i Vm 
pop Dp PW "Dm 
3 
a 
Wy, = 243-W | — Wy, = 20.9.MW 
hp hm Na hp 
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Problem 8 [4] 


Given: Pump to operate at A = 280 cts, H = 400 Y, and A € 70 rpa. 


Model dest to be سم سف 17 مل‎ hera (à $ طۀ‎ c€fs ana a 300 hp 
dynamometer i5 available, Assume model aid ii 
CFF ICIENCIES ANE comparable, 


Find: Appropriate model test speed and Sale ratio, 


Solution: To obtain homologous ملا هه‎ ag pants, run model test at 
Same Seit speed as protohype. 


= 250 f+’ 
Q= 2 Ba diii e z /i2,000 7 


Ns, = aie = 5% rpm (1,00307) 294, 
yA 3/ 7 
(Yoo f+)" 


(The dimensionless specific speed 15 Als nd 7 3o [ess = 1.19, Figure 10.1% 
(Nel Cafes a used- Flos geometry.) Figure 1048 ndicotes وول‎ 0.92 
at this NS. Thus 


lun = Ub PAGH L, bulé 2942 qoot APS ي‎ 
7 7) 0.3 wa” reves * 550 fpf 12,200 Ap 


for the mode i, 


Biz = ulm 092,300 ha, _ ft? „50 Ft be _ 
CELA. feag = Px * oL b eae hp ME 


To matth spectre Speeds, then 


Sunc 5 
yee Dm _ [Gm ae ا‎ 270 
Thus Dm = 0,135 Op [Scale roto ١د‎ Hg ې یږ‎ = 0143 +91) 


Check using the head rato, ولل‎ a He 
torn Dia” wo dip * 


- tom 2/0 چو‎ : 
ram Helis) es ) = too A (pte (0. 135)? = 4a; fh نه‎ 487 fH 
This 45 acceptable Agree Mat, considering roundoff ٠ 


Great dare wokld bl كصمز‎ ل٥‎ y tuoid Cavitahan y tht n 
pump af spteds about “oo ram. 
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Problem 9 [5] 


Given: Model efFicie ney using Curve- Yo , n= ab - bas where | 
Z and b art Consfanfks. 


Find: (a) Describe a. procedure jo evala û nd y from data, 
(b) Evaluak using data Tor Peeriess Typt 00E IE Pimp, with 
apê ler disent tr D 129 ma 09e Aura Bt ITO rpn, 


Solution! From Fig. D. data are: 
h Co) 20 75 $0 gu 86 85 £u 


Algem) / r0 2400 2780 300 3700 HOS 


Tivo egeo. hors are needed to solve fiev. Constants a and b directly, A 
Second equa dion May bt obtained by htterenriahng, A+ peak 
efficiency, 


t —‏ —- ېه 
ت3 ~ aa a‏ 


Pmax” €. ~ 607 


f 
| 
| 
Assteme peak effe ney در‎ $1 percent ar 3400 gan. Then 
O = a- 326Q° 


Subst tut ing trom the second eg ccachon vifo the Arst dives 


"ha," BLAŽ- bQ* = 260%; b= dae nx? La s 360% = 0,0384 
Plott (ag : po 


O Data from Fig . D.8 


r 


Efficiency, 7] (* lo) 
مه‎ 
3 


32 
G 


[000 2.000 3000 ده‎ $000 
Votteme, Flous Ko te aA (gpm) 


The curs- fit ches a good Job near peak efficiency, but tinas h 
aundereshncor je the measurtd date elsewhere. 


An alternative Crug- procediera iS dà plat fa, vertus 
a^ ba then dO a kast-squares frt lasing ati the data) To 
bur. a and b, Then a = GONG pany ‘6 a و‎ 56 x7? (gpm); > 

I^? 29.996, This tenders hrnates 7) &f AG > 300 مو‎ 
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[2] 


Temperature for dynamically similar operation at 1750 rpm; Flow rate and head; Comment on NPSH 


2 


-6 ft 
vy = 615x109 
5 


= 118 degrees F 


10-gpm 


V5 د‎ 


Hy = 15-ft 


Q2 


3 3 
wD 2رس‎ 


Problem 10.50 


10.50 Sometimes the variation of water viscosity with temperature 
can be used to achieve dynamic similarity. A model pump delivers 
20 gpm of water at 59°F against a head of 60 ft, when operating at 
3500 rpm. Determine the water temperature that must be used to ob- 
tain dynamically similar operation at 1750 rpm. Estimate the volume 
flow rate and head produced by the pump at the lower-speed test 
condition. Comment on the NPSH requirements for the two tests. 


Given: Data on a model pump 


Find: 


Solution: 
Q1 


and similarity rules = 


Basic equation: Re, = Re, 


The given or available data is uw = 3500-rpm w = 1750-rpm 


2 


-5 ft 
ER 
5 


From Table A.7 at 59°F 


For D = constant == 5 Rey = — or 


Re, = 
1 
vi 
6 ft” 
From Table A.7, at Vp = 6.15 x 10 -—-, we find, by linear interpolation 
5 


(120 — 110) 


A FI (6.15 — 6.68) 
(6.05 — 6.68) 


Ty = 110+ 


From similar operation = or Q = 


l 

jam 
m 

| 


and also = or Hy = 


The water at 118°F is closer to boiling. The inlet pressure would have to be changed to avoid cavitation. The increase between runs 
1 and 2 would have to be Ap = py - py where Pp,» and p, , are the vapor pressures at T, and T}. From the steam tables (find them 


Ap = 1.36-psi 


Ap = Py27 Py1 


by Googling!) 


Py1 = 0.247-psi py2 = 1.603-psi 
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Problem 10.51 [3] 


10.51 A four-stage boiler feed pump has suction and discharge 
lines of 10 cm and 7.5 cm inside diameter. At 3500 rpm, the pump 
is rated at 0.025 m/s against a head of 125 m while handling 
water at 115 C. The inlet pressure gage, located 50 cm below the 
impeller centerline, reads 150 kPa. The pump is to be factory 
certified by tests at the same flow rate, head rise, and speed, but 
using water at 27 C. Calculate the NPSHA at the pump inlet in the 
field installation. Evaluate the suction head that must be used in 
the factory test to duplicate field suction conditions. 


Given: Data on a boiler feed pump 
Find: NPSHA at inlet for field temperature water; Suction head to duplicate field conditions 
Solution: 
1 
Basic equation: NPSHA = p, - Py = Pg + Patm + seve -Py 
m? 
Given or available data is D, = 10-cm Dg = 7.5:cm H = 125-m Q = 0.025-— 
5 
- 6 - 67 = -50 = 1000.58 w = 3500 
Pinlet = a Patm = a Zinlet 7 m pe -3 رس‎ i 
m 
For field conditions Pg = Pinlet ^ PE Zinlet Pg = 145 kPa 
From continuity Va t V= 3.182 
TD, 3 
From steam tables (try Googling!) at 1159C p, = 169-kPa 
1 2 
Hence NPSHA - Pg + Patm + AE -Py NPSHA = 82.2kPa 
NPSHA NPSHA 
Expressed in meters or feet of water = 8.38 2 = 27.5ft 
8 8 
In the laboratory we must have the same NPSHA. From Table ۸.8 (or steam tables - try Googling!) at 27°C Py = 3.57-kPa 
1 2 
Hence Pg = NPSHA - Patm 7 y Ps + Py Pg = —20.3kPa 


The absolute pressure is Pg + Patm = 80.7 kPa 
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75 


21 


Problem 10.52 


10.52 Data from tests of a pump operated at 1500 rpm, with a 
30-cm diameter impeller, are 


Flow rate, O (m/s x 10%) 10 20 30 40 50 60 70 
Net positive suction head 
required, NPSR (m) 222724 26 31 36 41 31 


Develop and plot a curve-fit equation for NPSHR versus volume 
flow rate in the form NPSHR =a + bQ’, where a and b are con- 
stants. If the NPSHA = 6 m, estimate the maximum allowable 
flow rate of this pump. 


Given: Data on a NPSHR for a pump 
Find: Curve fit; Maximum allowable flow rate 
Solution: 


ISE ( 9٢ O ON 
4.1 
70 5.1 


6 [somos| ar | 4 


[ 79 [ao s1 | 5 


The fit to data is obtained from a least squares fit to NPSHR =a + bQ? 


a= m 


b = m/(m//s x 10% | 600 | Use Goal Seek to find Q! 
NPSHR Curve for a Pump 

5 ES 
T 4 - X Data at 1500 rpm 
c al —— Curve Fit 
I 3 
: 
= 2 - 

1 -| 

0 T T T T 


45 60 


Q (m/s x 10?) 


0 15 30 
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[4] 


Problem 10.53 


| Open-Ended Problem Statement: A large deep fryer at a snack-food plant contains hot oil 
that is circulated through a heat exchanger by pumps. Solid particles and water droplets 
coming from the food product are observed in the flowing oil. What special factors must be 
considered in specifying the operating conditions for the pumps? 


Discussion: Any solid particles must be able to pass through the pumps without clogging. If 
the particles are large, this may require larger than normal clearances within the pumps. 


If the water droplets flashed to steam, they would form local pockets of water vapor. The 
pockets of water vapor would disrupt the flow patterns in the pumps in the same way as 
cavitation in a homogeneous liquid. To prevent this “cavitation” from occurring, static pressure 
everywhere in the flow circuit must be maintained above the saturation pressure of the water 
droplets at the temperature of the flowing oil. 


The net positive suction head at the pump inlets must be sufficiently high to prevent any 
problems from occurring within the pumps themselves. 


The solid particles may act as nucleation sites, which would foster the development of vapor 
pockets in the flow. This might increase the net positive suction head required by the pump 
above that measured in tests using water. The system must be sized to maintain a large net 
positive suction head at the design flow rate. 


Finally, the viscosity of the oil must be considered. If viscosity is high, pump performance will 
be degraded compared to pumping water. Then a larger pump must be specified to handle the 
flow requirement of the hot oil circulation system. 
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Problem 4 


10.54 The net positive suction head required (NPSHR) by a 


مم 
v‏ 


٢ 7 
LV e V V 


4 2 
P1 Vi P2 Vy 
: هه‎ 5 i E کي ٢ل بر سم سو په‎ 


L, for the elbow, and K for the square entrance 


pump may be expressed approximately as a parabolic function of 
volume flow rate. The NPSHR for a particular pump operating at 
1750 rpm is given as H, = Hg + AQ’, where Ho = 3 m of water 
and A = 3000 m/ (m/s). Assume the pipe system supplying the 
pump suction consists of a reservoir, whose surface is 6 m above 
the pump centerline, a square entrance, 6 m of 15 cm cast-iron 
pipe, and a 90° elbow. Calculate the maximum volume flow rate 
at 20'C for which the suction head is sufficient to operate this 
pump without cavitation. 


Given: Pump and supply pipe system 
Find: Maximum operational flow rate 
Solution: 


Basic equations: 


p 


Pt Py 2 
NPSHA = H, = Hy + A-Q 
چم‎ 
Assumptions: 1) ړم‎ = 0 2) V, - 0 3) بح 205 په‎ =0 
We must match the NPSHR (=H,) and NPSHA 
2 2 2 2 2 
P2 v* y سا‎ y” y P2 y“ L 
From the energy equation E 2+ کم هید‎ E يني‎ i پو يون‎ 
p 2 D 2 و لا‎ 2 p-g 2-g D D 
vj ? L ( ) 
P-Py P2 P 2 Py y‘ Patm ^ Py 
NPSHA gg لل شک‎ a تا‎ i)er) الع‎ 
p-g pe ps 2g pe 2-81 XD D, p-g 


Given data: Computed results: 

L= 6 m Geral mol Re [ ١ [NPSHA س مولام‎ 
e= 026 mm 
D= 15 «cm 
H د‎ om 
= 3000 m/(m’/s) 
= 6 m 
p.c 234 kPa 
p= 1000 kgm 


Error 


[354 mooo] 147 147 1 oo 
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v= 1.01E-06 m/s 


0.08 


0.07 


0.06 


NPSHA and NPSHR 


0.03 0.04 0.05 
Q (m/s) 
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0.02 


20 


Head (m) 


Problem 10.55 [5] 


10.55 For the pump and flow system of Problem 10.54, calculate 
the maximum flow rate for hot water at various temperatures and 
plot versus water temperature. (Be sure to consider the density 


variation as water temperature is varied.) 

Given: Pump and supply pipe system 
Find: Maximum operational flow rate as a function of temperature 
Solution: 

i v? : v 3 و‎ 

: s P1 'd P2 P بل‎ Y ev V 
Basic equations: E + Oj 7 - E +0): > کا‎ hy = 853 dt ET e 
L, for the elbow, and K for the square entrance 
Pt Py 2 
NPSHA = H, = H¿+A-Q 
ps 
Assumptions: 1) py = 0 2) V, = 0 3) a) = 0 4) z =0 
We must match the NPSHR (=H,) and NPSHA 
/ ? ? ? 5 ^ 
P) v v dev v P2 ۷ L 
From the energy equation gH-|— + E EDO at ux St acc Duae ما مت‎ 
p 2 D 2 D 2 2 p-g 2-g D OD 
2 > . 
Pr-Py P2 Pam V2 Py y“ L | ^ Py 
NPSHA = E poe ee ws |e ( + & +K سوا‎ 7 e) 
pe pg pe 2g pe 28g[ XD D, p-g 


L= 6 m [r Cops (Palo dg} v ms |o (mV اهم‎ Re | f |wPsHA (m)NPSHR (m)Error | 
e= 026 mm (| O0 | 0.661 | 1000 |L76E-06| 0.06290 | 3.56 [3.038+05/0.0232| — 1487 | 1487 | 0.00 | 
D= 15 cm | 5 | 0872 | 1000 [|L51E-06[0.06286 | 3.56 [3.538+05/0.0231] 1485 | 1485 | 0.00 | 


m [a | 234 [ ه٧‎ romos] 0062571 354 [s26eros[oo2s| 1475 | 3475 | 0.0 |‏ د یس 


A= 3000 m/ms)| 25 | 317 | 997 |896E-07|0.06240| 3.53 |5.91Ev05|0.0229|— 14.68 | 1468 [90.00 | 
= 6 m | 30 | 425 | 996  [8.03E-07[0.06216 | 3.52 [6.578+05|0.0229| 14.59 | 14.59 | 0.00 | 


|rexrsos|oonm| 1434 | 1434 [00‏ 3.48 اسم اتمعویوا :95 | 736 | kgm? [ao‏ 1000 حم 


v= 1018-06 m' | 45 | 959 | 990 |602E-07|0.06097| 3.45 [8.ooE+05|0.0228| 1415 | 
[ 6) | 199 | 983 [4728-07 0.05846 | 331 _[1.05E+06)0.0228| 1325 | 
[ 8) | 474 | 972 [3625-07 0.05082 | 288 1119806100227 1075 | 
as | 578 | 969 [341EO7[0.4754| 269 [1.18E+06)0.0227| 978 | 
[90 | 701 | 965 [323E07[043:32| 245 _[1.14E+06)0.0227| 863 | 
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100 


NPSHR increases with temperature because the p , increases; NPHSA decreases because p decreases and p , increases 


Maximum Flow Rate Versus Water temperature 


0.07 4 
0.06 4 
0.05 - 
0.04 - 


0.03 - 


Q (m/s) 


0.02 4 


0.01 - 


0.00 T T T T T T T T 
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Problem 10.56 QR | 
Ceir Lauad "pus p, ogesaiing که‎ We Z2ME een, IW TUE 


Waa. ES Nese vesa نلم‎ SAS TONE MAN LID 
ور سه نا - هی‎ O gS wA SEES . 
معھ يا‎ & D = ia : پا و‎ = wo. Os = awn, n 25% . 


A of dee ene چا‎ m e هم‎ ٠ 
سو‎ CoNo een "at O 43 eX 


MIO ross 


Sana © O A 


ON کد ها اد د‎ sitos 


y SONS, a eS 08S Sc DE SS 


AN NSE gt kaos" "C EXON ME 

NS TM "m Saua Ls do. Fes Neus he oe E 8ه‎ | 
Bw 

=> Ka ons. 


MCN kwo o e c ogs پد‎ 
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¿Ds SC 0 21m, et WE SOAK Nes = arene 8. 


EN ams, 


Fo. o کو‎ TEDS X د تن‎ Pad, ond o ااا‎ | 


Bouton; 
لاپپم‎ RA NER Me S NK مور د‎ Lar يشممه‎ | 
ې‎ 


"Ne.‏ ورو کن دا 


Cena, tay AR AS oy د ده‎ 


JA X 
VS EN ها یا‎ P 
Nex = a Soe T I 3, EN 
يی وم د‎ A حا یجاح‎ Ron Nu ma هه‎ 


۷۹١ WC c Vn NI. 5 
= EM = پک‎ N 
SE SE sh e. EN ze ^ 7 > ES انغ شه مت‎ 
> \ 7 | 
S aoad ,. & co = 2en XN | 
د د‎ WW. ue NS SS دد د & صا‎ È sie UY Sess 
-5 
a - mE = E 2 : 
“= Ao e s . Fes wees کہ‎ ٩ Y ې‎ AS NEO SN obey 
0 د‎ BRA & RA UNE Y * 
دن‎ mu 2 uo SES AAA NO | 
Vu. m 1٧ يی : شي‎ Moe EA Lor Coe. C Qm کو فهم.ه‎ | 
ely = ooon )| و1‎ = ooo 
Tron T YAN e = ODA ۹ پک ګل‎ ex. SORA PON ej 
š E -3 y OMAR, G. 2 
Wet PEA + مه‎ see! Ne. ONE = NER x s = k Se 


Woe Wo f AAA 
Moras (een > 


Seu Sea. ETE = AN TES = Cosa 


ee NC 


ai | 
CS = LE - FAL ES ome he = XHA e : d 


Nabional "aad 


E 
اا‎ Nai 
ES 


gets, d 


| 


1 


1 
H 
1 
i 
1 


and reso ur TU 


) 


s ENSE NON S oM. 5 


Problem 7 


Gien S MON AK لوو‎ foe Grand 
Vm کا‎ 200 O y A ېغه هرا‎ 


Vet NOR NT Ceo Roser 7 Aes BBA ای‎ 


tao KE . 


NUS 


— 


Nast RE. ex So Qs m Set چا د‎ 


Sala,‏ کا dure Ma Ce cron‏ عا همها 


Tandi tos ‘ee o x. ducas ENS GC correr Ran —€— 


MON Corre sihe WT لک 2 و حا‎ Cr, EY بي که‎ 


SS RARA PONIA سا‎ ALE ox 


SONO | 
Ree رکد پا‎ ONO AA eq js sen pos CM MON oA. ea Lor Read | 


| لاپ‎ 
C 5 5 AS. ce Se ٨ "o ۳" پک‎ 
یکچہ‎ as ای‎ OS 23, de a v2 a (SED | 
Nex = $ y 2 
Wes دت مهو‎ a kr چا‎ = BAW ې‎ Muro 


Cay Vx مه‎ VAPORE Nee. EX. 
ENS SM 


pa 1 
په‎ eae UE اح‎ es ٤ے‎ e 


| ee i 
jc Cc & Ge اوک‎ and. 3 عا ې کاک ہیں يی‎ NES Ne xoa. : 


Tor Comme coll مهام —.€ کک‎ R 
ه٢‎ Qro Cs ex xu 


SENE D x coke NEN EN MES 5 AÑ owe L ) : Pees 
cobs سک‎ Sala oné CONAP Xe oou of CAO . 
D(in) V (ft/s) Re fo p f hir/g (ft) 
12 170  1.46E«06 0.0139 8.517 0.0138 8.2 


10 245  175E«06 0.0141 8.433 0.0141 20.8 
8 3,83  2.19E«06 0.0146 8.306 0.0145 65.3 


6 6.81 2.92E+06 0.0153 8.111 0.0152 


» | 1 دي عا سو Sua‏ 


| Be NASA quero eed کا‎ ez دمه‎ INN SERO 


: | m مه‎ 
Be Por “Gower مي په‎ F A = period. 


* 


e " Bs 
ei OAN Ay AAA oe عا‎ 


Se GAO e | 


& 
à = وو‎ a & RAS gs 
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Brand 


Problem 10.58 [3] 


10.58 A centrifugal pump is installed in a piping system with 
L=300 m of D — 40 cm cast-iron pipe. The downstream reser- 
voir surface is 15 m lower than the upstream reservoir. Determine 
and plot the system head curve. Find the volume flow rate (magni- 
tude and direction) through the system when the pump is not oper- 
ating. Estimate the friction loss, power requirement, and hourly 
energy cost to pump water at 1 m/s through this system. 


Given: Pump and reservoir system 
Find: System head curve; Flow rate when pump off; Loss, Power required and cost for 1 m/s flow rate 
Solution: 
2 2 
Basic equations: E + ns + 8-21 | = + m *tgz|-hmp-h hip = je + ۹ (K for the exit) 
p 2 p 2 P D 2 2 


where points 1 and 2 are the reservoir free surfaces, and hẹ is the pump head 


h Wh 
Note also H=- Pump efficiency: dye 


8 Wm 


Assumptions: 1) p =P,= Pat 2) ۷ = Vj7-03)a,704)z; = 0, z3 = -15:m 4) K = Kent + Kent = 1.5 


2 2 2 2 2 2 
LV LV ۷ ۷ ۷ 
From the energy equatiol—g-z = f. —.— —h, + K-— h = g-z5 + f-—-— + K-— H. = 75 +f: LK. 
ere B827"b2 P'*5 p82 D 9 2 P ? pag 2g 
Given or available data L ح‎ 29 D = 40-cm e = 0.26-mm (Table 8.1) 
k 6 a 
j= 1000.5 v -101x10 9.2. (Table A.8) 
5 
m 


e 
= 2 2 
4 -D 1 D 2.51 
veo Boo — = -2.0-log| — + Hp = 2) +f +K 
7 p? v f 3.7 Re- f D 2g 2.8 
3 
m m 6 
For example, for Q=1-— V = 7.96.— Re = 3.15 x 10 f = 0.0179 Hy = 33.1-m 
5 5 


Head (m) 


Q (cubic meter/s) 
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(Zero power rate) 


3 


The above graph can be plotted in Excel. In Excel, Solver can be used to find Q for Hp=0 Q = 0.557 
5 


3 
At Q = p we saw that Hp = 33.1-m 
5 
Assuming optimum efficiency at Q = 1.59 x 10%.gpm from Fig. Mp = 92-96 
10.15 
Then the hydraulic power is Wh = pg HyQ Wh = 325 kW 
Wh 
The pump power is then Wm — ۷۷ 2 = 706-kW 
1 
p 


If electricity is 10 cents per kW-hr then the hourly cost is about $35 
If electricity is 15 cents per kW-hr then the hourly cost is about $53 


If electricity is 20 cents per kW-hr then the hourly cost is about $71 
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Problem 10.59 [3] Part um 
| ټم متا‎ Resrieas Noraonas se case MASAZ Pare څې‎ WAS _| | 
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Ha Re EA “eod cure and die reune Ke کندې-‎ | 
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AL ener «4 A em Ne Ma NO SR ex Sew See , |‏ سوت 
G es QD A e nor our ck |‏ سا SS Sve.‏ یچ کی sS‏ 
RF NA Me |‏ 
| که iau‏ که 2 i es QUSE‏ 
SA ES AS S‏ هھ e‏ د دد Cong KO e cU AR‏ 
n 3 Su EN |‏ = 

e Gy "د ور‎ PUN Ma iode 


e (EN Nied miner Ness | 
Nan cci ; 


Was Bras x 25 C. Y. چا‎ x PE | 
خر ورا‎ cs sí a. | 
3 ee 5 ردي‎ (SN e E UNE ETC ND 2 9.0255 که‎ 

DORADA ee‏ دلا 
DOWD C ey a NS T E Qa Celo ES‏ 
A ES‏ 
ed wale‏ و aña Se eq pdas of des fon Se‏ 
C. oS NE (=. E Gan‏ 


pua wy SVE, Va ehe oe Cae 
S 


SAI = 5 x | 
Re کچ‎ Pm . ES Ay ۸1 Re, = LOMO, | 
a e TS e | 
n | 
For cod wot ې‎ == 0.0003 A MASA NS 
EE S. 00133 y us DADO es 


pi 
LE LOBA Qe QBN až * Ly AQ, 
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a 7 
AAA nl Beil je d 


uu Problem 10.59 [8] Part 2/2 
Q (gpm) Vi ifs} Re, [AP Sh f V.(s) ^ Re f) h f; Ha (ft) | 
0 0.0  O00E+00 0 100 
50 ۱3 3466104 00200 5905 00287 23  461E:04 0029 5817 558 12 
100 26 69E+04 00273 6083 00270 45 9226+04 00287 5933 84 19 ٠ 
150 38 1046405 00200 6154 0.0204 68 1386105 00282 5977 84 30 
200 51  138E«056 00263 6193 00261 91  184E*08 00280 600 0.0278 45 
250 64 ۱7۴6 002681 6217 00250 114 230805 00278 6014 0.0277 64 
300 77 207E*05 00289 6233 00257 136 27685 0027 6023 6 88 | 
350 89 2425+05 00258 624 0026 159 3236405 00278 6030 00275 115 | 
400 102 2766+05 00257 6255 00256 182 3.606105 00276 6036 00275 147 
450 115  &11E«05 00256 6262 00255 204 4156+05 00275 6040 00274 183 
phe cee ut. MR | | 
| : 
Q (gpm) Hp (f) | System & Pump Curves | 
0 126 | 200 ج ج و ی وک نن‎ | | 3 
100 126 | | : 
20 5 | | | 
300 120 | | | 
400 113 | i 
500 100 | | | 
600 85 i | | 
| | | | 
| | | 
| ۱ 
| | | 
| | | | 
| 
EE e ces de xe. شه‎ 330 vA. | 
ES | 
| Wa MS FC | 
| | 
| | 
| | 
| 
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[3] 


Problem 10.60 


10.60 A pump transfers water from one reservoir to another 
through two cast-iron pipes in series. The first is 3000 ft of 9 in. 
pipe and the second is 1000 ft of 6 in. pipe. A constant flow rate 


of 75 gpm is tapped off at the junction between the two pipes. 
Obtain and plot the system head versus flow rate curve. Find the 


delivery if the system is supplied by the pump of Example 10.7, 
operating at 1750 rpm. 


Given: Data on pump and pipe system 
Find: Delivery through system 


Solution: 


Given or available data: 


L,- 300 ft v= 123E-05 ft/s (Table A.7) 
D,- 9 in Ke= 05  (Fig.8.14) 

L= 1000 ft K eq = 1 

D,= 6 in Q loss = 75 gpm 


e= 0.00085 ft (Table 8.1) 


Governing Equations: 
For the pump and system 


+0 EN + £29 و‎ hy, - ال‎ (8.49) 


8 y* 
h= === 8.34 
و‎ (8.34) 
y? 
hy -K— (8.402) 
m 2 


and the pump head (in energy/mass) is given by (from Example 10.7) 


Hoump(ft) = 55.9 - 3.44 x 107 ° شن‎ 


Hence, applied between the two reservoir free surfaces (pj =p) = 0, 7 = 72 =0, z = z) we have 


O = مېا‎ = Alam 
hp = g-Hsystem = Ahpump = € Hoump 
or Hr = Hpump 2 
2 2 
8 7 L V. 
where 1 1 2 2 
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The system and pump heads are computed and plotted below. 
To find the operating condition, Goal Seek is used to vary Qı 
so that the error between the two heads is zero. 


606-٢ 525 | 3.03 | 596 | 18459 | 242182 | 00216 | 0.0233 | 386 | 435 | 


GON AGD 


Pump and System Heads 


0 100 200 300 400 500 600 700 800 
Q (gal/min) 
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Problem 1 31 


10.61 Performance data for a pump are 


H (m) 27.5 27 25 22 18 13 6.5 
Q (m/s) 0 0.025 0.050 0.075 0.100 0.125 0 


The pump is to be used to move water between two open reser- 
voirs with an elevation increase of 7.5 m. The connecting pipe 
system consists of 500 m of commercial steel pipe containing two 
90° elbows and an open gate valve. Find the flow rate if we use 
a) 20 cm, b) 30 cm, and c) 40 cm pipe. 


Given: Pump and reservoir/pipe system 
Find: Flow rate using different pipe sizes 
Solution: 
2 2 
٧ : P1 M P) V2 
asic equations: — t04,-— + 824 |-| —+0-— + g-z)| = - 
خد پلک غو د ووو‎ hir - hy, 
tv Ly vy 
= E31 + وې‎ a TIXK.— L, for the elbows, and K for the square entrance and exit 
E 


L 
Assumptions: 1)p =p =p 2V Ty CONUS 2 = 0,z) = 75m 4) K = Kant + Kent 5) p is for two elbows 
1 2 atm 1 


" tv Ly? v ds 
ence ay = tS Tas کون‎ 727 = yr -hy or hip = hp ~72 


We want to find a flow that satisfies these equations, rewritten as energy/weight rather than energy/mass 
L 
=|f  =+— [+K|— Hır+ z= 
Hr DD is 11*227 Hp 


Given or available data (Note: final results will vary depending on fluid data selected): 


L- 500 m Ka7 0.5 (Fig. 8.14) 
e= 0.046 mm (Table 8.1) K exp = 1 
D = 20 cm L/Devow= 60 (Two) 
v= 1.01E-06 m/s (Table A.8) L/D\ave= 8 (Table 8.4) 
Z= 7.5 m 
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pump = H,-AQ*. 

The system and pump heads are computed and plotted below. 
To find the operating condition, Solver is used to vary Q 

so that the error between the two heads is minimized. 


The pump data is curve-fitted to H 


| 27 | 90 | 


m E 
20 | 150000 


IGS 2 LE) 


H= m 


(m/s) 


AGA KDI e 1828 LEO ETAL E 


Repeating for: D= 30 cm 


KD) KDI x Tr O ERAN) E 


Repeating for: D= 40 cm 


¢ moj Y (ms) | ge | f [Mt0/Hr+z> (| Error) 
[-iiz moo] 85 | 89 [000% 


Pump and System Heads (20 cm pipe) 


50 4 n 
Pump Curve Fit na 
ره‎ X Pump Data "d 
H (m) 30 - - = = Total Head Loss a 


0.00 0.03 0.06 0.09 0.12 0.15 
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Problem 2 [3] 


,10.62 Performance data for a pump are 


H (ft) 179 176 165 145 119 84 43 
O (gpm) 0 500 0 1500 2000 2500 0 


Estimate the delivery when the pump is used to move water be- 
tween two open reservoirs, through 1200 ft of 12 in. commercial 
steel pipe containing two 90° elbows and an open gate valve, if 
the elevation increase is 50 ft. Determine the gate valve loss coef- 
ficient needed to reduce the volume flow rate by half. 


Given: Data on pump and pipe system 
Find: Delivery through system; valve position to reduce delivery by half 
Solution: 


Given or available data (Note: final results will vary depending on fluid data selected): 


L= 1200 f Ker = 0.5 (Fig. 8.14) 
D= 12 in Keş 1 
e = 0.00015 ft (Table 8.1) L/D elbow = 30 
v= 123E-05 ft/s (Table A.7) L/Dim= 8 (Table 8.4) 
Az= -50 ft 
Governing Equations: 
For the pump and system 
| n vi | ( P2 V5 - | j 
p په‎ ten |- [Ea E+ رت‎ E hi. = Ahpump (8.49) 


where the total head loss is comprised of major and minor losses 


Li 

hs 8.34 
1 D 2 ( ) 
=p E (8.40b) 
m . D 2 

hi sk (8.402) 
o 2 


Hence, applied between the two reservoir free surfaces (pj = p = 0, Vy = V,=0, 2; - 2 = Az) we have 
g-Az = hr- Ahpump 
h + g-Az = £-Hsystem + g-Az = Ahpump E € Hump 


or Hg + Az = Hpump 


where L Le Le ٧ 
Hr = f- p'^p t + Kant + Kexit Ze 
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The pump data is curve-fitted to H pump = H o - AQ a 


The system and pump heads are computed and plotted below. 
To find the operating condition, Solver is used to vary Q 
so that the error between the two heads is minimized. 


| 0.007 
115325 


0.014 


Ho = ft 
= fu(gpm)” 


RATAS | e | fF [Hess (|e + Az CO | Error) 


Pump and System Heads 


200 5 Pump Curve Fit 
X Pump Data 
150 4 
= = = Total Head Loss 
H (ft) 
100 + 
١ رورو وود و ووو‎ 
0 T T T T T T 1 
0 500 1000 1500 2000 2500 3000 3500 


Q (gal/min) 


For the valve setting to reduce the flow by half, use Solver to vary the value below to minimize the error. 


L/D vane 7 26858 | 
MC BA | re | 08 Hum بو لت‎ Ae ED] Error) 
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[3] 


(Fig. 8.14) 


(Table 8.4) 


Problem 10.63 


10.63 Consider again the pump and piping system of Problem 
10.62. Determine the volume flow rate and gate valve loss coeffi- 
cient for the case of two identical pumps installed in series. 


Given: Data on pump and pipe system 
Find: 


Delivery through series pump system; valve position to reduce delivery by half 


Solution: 


Given or available data (Note: final results will vary depending on fluid data selected): 


L- 1200 ft Ken = 0.5 
D = 12 in K ٣٢ 1 
e= (0.00015 ft (Table 8.1) L/Day,7 0 
v=  1.23E-05 ft/s (Table A.7) L/Dyave= 8 
Az = -50 ft 
Governing Equations: 
For the pumps and system 
n ٣١ ٢ م/‎ V3 | l 
خا‎ + + 821 B ۳ رع + ها‎ | = hy, — Altgump (8.49) 


where the total head loss is comprised of major and minor losses 


L Y 
pepe 8.34) 
Y= IDG : 
م‎ (8.40b) 
n. D2 
ربا‎ i 
h =K— (8.40a) 
m 2 


Hence, applied between the two reservoir free surfaces (pj =p, =0, V= V,=0, 3- z= AZ) we have 
g-Az = hr- Ahpump 


hp + g-Az = £-Hoystem +g-Az= Ahpump = E Hump 


or Hyp + Az = Hpump 
L L y 
€ lila A oH — 
D Detbow Dvatve -8 
e ٩ 2 
For pumps in series Hoump = 2-H) - 2-A-Q 
where for a single pump Hoump = Hg- Ae 
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The pump data is curve-fitted to H pump = Ho - AQ E 
The system and pump heads are computed and plotted below. 
To find the operating condition, Solver is used to vary Q 


so that the error between the two heads is minimized. 


Q (gpm) | Q pm) | Hu, (ft) | Hom (fit) | Vv | Re | 
لو لو‎ us | mm | —99 —] 9 — [9999 | 
6250000 
9000000 


3250 


ft 
fu(gpm)" 


RCA AS RE A AAA CEU 


خڅ د 
I I‏ 


707124 | 0.0145 


Pump and System Heads 


Pump Curve Fit 
X Pump Data 
- = = ‘Total Head Loss 


300 - 


Pumps in Series 


0 1000 2000 3000 4000 
Q (gal/min) 


For the valve setting to reduce the flow by half, useSolver to vary the value below to minimize the error. 


L PD vave = اتد‎ 


RAYO [| m | ٢  [PHse» | mex 
1533 353562 0.0155 287.7 287.7 
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(Fig. 8.14) 


(Table 8.4) 


Problem 10.64 


Delivery through parallel pump system; valve position to reduce delivery by half 


10.64 Consider again the pump and piping system of Problem 
10.62. Determine the volume flow rate and gate valve loss coeffi- 
cient for the case of two identical pumps installed in parallel. 
Given: Data on pump and pipe system 


Find: 


Solution: 


Given or available data (Note: final results will vary depending on fluid data selected): 


Kez 0.5 

K exp = 1 
LD ay, = 30 
L JD valve = 8 


(8.49) 


(8.34) 


(8.40b) 


(8.40a) 


V,=0, ېد‎ - z; = Az) we have 


L- 1200 ft 
D- 12 in 
e= 0.00015 ft (Table 8.1) 


v= 1.23E-05 ft/s (Table A.7) 


Az = -50 ft 
Governing Equations: 
For the pumps and system 
p Vi | Ps v$ | 
prece 871 |- [5 2 و‎ [* h, — Ahpump 


Hence, applied between the two reservoir free surfaces (pj = p; = 0, Vy = 


g-Az = hp- Ahpump 


hr + g-Az= £-Hşystem +g-Az= Ahpump = E Hoump 


or Hr + Az = Hpump 


2 
F L L V 
di تنا چو ودنا کے کو د‎ 
D سلا‎ Dye 2g 
: 1 2 
For pumps in parallel : = H- i -A-Q 
where for a single pump Hpump = Ho = as 
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The pump data is curve-fitted to H pump = Ho - AQ E 
The system and pump heads are computed and plotted below. 
To find the operating condition, Solver is used to vary Q 


so that the error between the two heads is minimized. 


Q (gpm) | Q pm) | Hu, (ft) | Hom (fit) | Vv | Re | 
اا صا سه سه سی سي سيا‎ A 
84 

43 


0.0000 


— 
[18 | om —| 
0.0183 
0.0164 
0.0156 
0.0151 
6250000 | ea | s | 70 | 57663 [00147 
9x» | 4 | 4 | 851 | ess 900145 
0.0143 
0.0142 
0.0141 


Hy= ft 
A= fu(gpmY 
[ve I] TS e | 7 [5-9 5x6 
12.95 1053006 0.0141 100.3 100.3 


Pump and System Heads 


0.0000 | 
| 0.0183 | 
| 0.0164 | 
| 0.0156 | 
[0.0151 | 
| 0.0147 | 
| 0.0145 | 
| 0.0143 | 
| 0.0142 | 
[00141 | 


Pump Curve Fit 
X Pump Data 

- = = "Total Head Loss 

Pumps in Parallel 


0 1000 2000 3000 4000 5000 
Q (gal/min) 


For the valve setting to reduce the flow by half, useSolver to vary the value below to minimize the error. 


L JD vave = لل الد‎ 


[ vmm) ves [' m — 7 [ete A 
2283 526503 0.0149 159.7 159.7 
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[4] 


(Fig. 8.14) 


(Table 8.4) 


Problem 10.65 


10.65 The resistance of a given pipe increases with age as de- 
posits form, increasing the roughness and reducing the pipe diam- 
eter (see Fig. 8.14). Typical multipliers to be applied to the 
friction factor are given in [16]: 


Pipe Age (years) Small Pipes, 4-10in. ^ Large Pipes, 12-60 in. 


New 1.00 1,00 
10 2.20 1.60 
20 5.00 2.00 
30 7.25 2.20 
40 8.75 240 
50 9.60 2.86 
60 10.0 3.70 
70 10.1 4.70 


Consider again the pump and piping system of Problem 10.62. Esti- 
mate the percentage reductions in volume flow rate that occur after 
(a) 20 years and (b) 40 years of use, if the pump characteristics re- 
main constant. Repeat the calculation if the pump head is reduced 
10 percent after 20 years of use and 25 percent after 40 years. 


Given: Data on pump and pipe system, and their aging 


Find: Reduction in delivery through system after 20 and 40 years (aging and non-aging pumps) 


0.5 


1 
30 
8 


Solution: 


Given or available data (Note: final results will vary depending on fluid data selected) : 


L= 1200 ft 
D:= 12 in 
e= 0.00015 ft (Table 8.1) L JD elbow = 
v= 123E-05 ft/s (Table A.7) L Dawe = 
Az = -50 ft 
Governing Equations: 
For the pump and system 
p [p yi \ 
رہ + || لچ ره + ل‎ SE + رج‎ = hy, - Mipump (8.49) 


Ly 
ا‎ = fn (8.34) 
& = 14% (840b) 
) 2 
h, = لل‎ (8.402) 


Hence, applied between the two reservoir free surfaces (pj =p) = 0, Vy = V,=0, z4- z= Az) we have 


g-Az = hr - Ahpump 
hr + g-Az = £Hçystem tgAz- Ahpump = £Hpump 


or Hy + Az = Hpump 


7 
where L Le Le y 
Hr = ce T2. + ) $ Kent + Lal 


Deibow  Dyalve E 


The pump data is curve-fitted to H pump = Ho - AQ E 

The system and pump heads are computed and plotted below. 
To find the operating condition, Solver is used to vary Q 

so that the error between the two heads is minimized. 
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Pump Curve Fit 


- Total Head Loss 


3000 3500 


Flow reduction: 


Flow reduction: 


Flow reduction: 


Flow reduction: 


X Pump Data 


2500 


ED 
0.0000 
—— 0.0183 
230649 0.0164 


New System: 


ساج 
سه سه وچو کا 
| 165 | 1160006 066ر 


Ho= ft 
= fu(gpm)* 


AR Dese 


625829 | 8 


Pump and System Heads -When New 


1500 2000 


Q (gal/min) 


200 4 


150 
H (ft) 
100 - 


20-Year Old System: 


f = 2.00 Fri 


MIES | vw E A | Frw | Herta 
556192 | 0.0295 


40-Year Old System: 


f = 2.40 Tues 


RAYA R II ILL 
572843 | 0.0354 


= 0.90 H new 


20-Year Old System and Pump: 


f = 2.00 fnew H pump 


Le TTT T Le 
| 696-٢ 505685 | 6 


= 0.75 H new 


40-Year Old System and Pump: 


f = 2.40 fnew H pump 


RAR AAA 
510754 | 0.0358 
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Problem 10.66 [4] 


10.66 Consider again the pump and piping system of Problem 
10.63. Estimate the percentage reductions in volume flow rate that 
occur after (a) 20 years and (b) 40 years of use, if the pump 
characteristics remain constant. Repeat the calculation if the 
pump head is reduced 10 percent after 20 years of use and 25 per- 
cent after 40 years. (Use the data of Problem 10.65 for increase in 


pipe friction factor with age.) 
Given: Data on pump and pipe system 
Find: Delivery through series pump system; reduction after 20 and 40 years 


Solution: 


Given or available data (Note: final results will vary depending on fluid data selected) : 


L= 1200 ft Kom= 05 (Fig. 8.14) 
Des 12 in Kep= 1 
e= 0.00015 ft (Table 8.1) L/D elbow = 30 
v= 123E-05 ft/s (Table A.7) L /D valve = 8 (Table 8.4) 
Az = -50 ft 
Governing Equations: 
For the pumps and system 
vi | 2a 0 


: a + £29 |= hy — Ahpump (8.49) 


: 

)8.34( نلم پا 
02 

h LY (8.40b) 

A D 2 

52 

NEN oe (8.40a) 
۸ ” 


Hence, applied between the two reservoir free surfaces (p,=p,=0. V= V,= 0. په - ې2‎ AZ) we have 
g-Az = hr- Ahpump 


hyp + g-Az = EHvstem tgAz- Ahpump = € Hyump 


or Hy + Az = Hoump 
L E, V 
— ts lA Esa ا ا گوگ‎ 
1 D D D ent exit |» 
elbow valve. - 
? 
For pumps in series Hpump = 2-H)-2-A-Q” 
where for a single pump Hpump = H9- AQ? 


The pump data is curve-fitted to H pump = Ho - AQ i 

The system and pump heads are computed and plotted below. 
To find the operating condition, Solver is used to vary Q 

so that the error between the two heads is minimized. 


AO AY T x 7] 
po | 0 | | 0.00 | O0 [00000 | 
[ uses | 
| 1000 | 


115325 | 0.0183 
1000 1000000 
43 


۰ 
43 : 


H 
1 
1 
1 
1 
1 


RT] 


2500 6250000 | 84 | 576623 0.0147 
9000000 | 43 | 4 | 85 | 69148 [oog 
749610 0.0144 


38 
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Ho= ft 
A= ft/(gpm)* 
رس ټي‎ [€T e A AO 
707124 | 00145 


Pump and System Heads 


Pump Curve Fit 


400 - X Pump Data 
350 4 = = = Total Head Loss 
300 - i i 
Pumps in Series 
H (ft) 250 4 


200 y 


0 1000 2000 3000 4000 
Q (gal/min) 


20-Year Old System: 


f = 2.00 Frew 


AAA e AA Flow reduction: 
683540 | 7 چا اا‎ 


Loss 
40-Year Old System: 


f = 2.40 وأ‎ 


AR TT e L5 x Flow reduction: 
874717 | 0.0349 اا‎ 


Loss 
20-Year Old System and Pumps: 


f = 2.00 fnew H pump = 0.90 H new 


pump 


AA RO O [x Flow reduction: 
672235 | 57 wea 
Loss 


40-Year Old System and Pumps: 


f = 2.40 fnew H pump = 0.75 H new 


PAR [7 O [5x Flow reduction: 
639318 | 0.0351 اا‎ 


Loss 


http://librosysolucionarios.net 


[4] 


(Fig. 8.14) 


(Table 8.4) 


Problem 10.67 


10.67 Consider again the pump and piping system of Problem 
10.64. Estimate the percentage reductions in volume flow rate that 
occur after (a) 20 years and (b) 40 years of use, if the pump 


characteristics remain constant. Repeat the calculation if the 
pump head is reduced 10 percent after 20 years of use and 25 per- 


cent after 40 years. (Use the data of Problem 10.65 for increase in 
pipe friction factor with age.) 


Given: Data on pump and pipe system 
Find: Delivery through parallel pump system; reduction in delivery after 20 and 40 years 
Solution: 


Given or available data (Note: final results will vary depending on fluid data selected) : 


L= 1200 ft Key = 45 
D = 12 in K e = 1 
e= 0.00015 ft (Table 8.1) L/Dewow= 30 
v= 123E-05 ft/s (Table A.7) ED 8 
Az = -50 ft 
Governing Equations: 
For the pumps and system 
|p y VÍ 0 vi \ 
سا‎ a ات‎ + 821 I. 2 + پچ دي‎ 82 | a Ny ~ Altoump (8.49) 


where the total head loss is comprised of major and minor losses 


Ly 
kf 8.34 
=J D2 (8.34) 
‘pe (8.40b) 
nm I DD 
hy. == (8.40a) 
m 2 


Hence, applied between the two reservoir free surfaces (py = p = 0, Vy = V,=0, zj- 2 = Az) we have 
g-Az = hr- Ahpump 


hyp + 8-Az = £ Hsystem +g-Az= Ab jump = Hap 


or Hyp + Az = Hoump 
2 
4 L 8 ۷ 
we Hg = dE E, هك‎ + Kent Kag|— 
D Delbow  Dvalve 18 
F. in parallel Lad 
or pumps in parallel د‎ = Fo” 7 -Q 
2 
where for a single pump مسا‎ = H -A-Q 
The pump data is curve-fitted to H pump = Ho - AQ x: 


The system and pump heads are computed and plotted below. 
To find the operating condition, Solver is used to vary Q 
so that the error between the two heads is minimized. 
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TA AO] AY WR 
III لل‎ O IS 6ل‎ 

0.0183 

0.0164 
45 

4000000 0.0151 

0.0147 

9000000 0.0145 

0.0143 

0.0142 


14.18 1153247 0.0140 


8 
7 
6 

1500 2250000 345974 0.0156 
8 


[0.0000 | 
0.0183 | 
[0.0164 | 
[0.0156 | 
0.0151 | 
[0.0147 | 
[0.0145 | 
[0.0148 | 
[0.0142 | 


ft 
ft/(gpm)* 


TED AG CI TO 
12.95 1053006 0.0141 100.3 100.3 


> بش‎ 
I I 


Pump and System Heads 


Pump Curve Fit 
200 
X Pump Data 
- - - Total Head Loss 
150 - ; 
Pumps in Parallel 
H (ft) 
100 - 
504 = == ووه مو ووو نو‎ 
0 T T T T 1 
0 1000 2000 3000 4000 5000 
Q (gal/min) 
20-Year Old System: 
f = 2.00 fnew 
epa | rem | me [| f | “eb EE Elvin: 
50089 | — 0.0284 EE: 
Loss 


40-Year Old System: 


f = 2.40 fnew 


RAR اسو ننس‎ RO AO Flow reduction: 
10.52 855662 0.0342 127.2 127.2 


20-Year Old System and Pumps: 


f = 2.00 fnew H pump = 0.90 H pew 


IEA RES GAB NN EE O Emon Blow reduction: 


10.51 854566 0.0285 114.6 114.6 


gpm 
Loss 


40-Year Old System and Pumps: 


f = 2.40 fnew H pump =0.75 H new 
Tem o we p r e | Hr Flow reduction: 
726482 0.0347 106.4 106.4 
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j it 


Problem 10.68 [3] 
Given: blader SLepple tre Engktuead, Colorado; L= So th D =27 m. SHE]. 


Sechen 1. Morth Piate Rer at 3, = 5180 F+, 
Section £i RESET ak 3, = 5810 fF 
Design foto (des: = 31 efs fini ha flag), 38 cfs lic يع و‎ lug D , 
Fined: G) Calculate and Plot The Sy tn resis FAKE CLEP. 
(by Speci fe en appropriate Pumping Sey لد‎ 
(Q EStimate power required fre stack, stade م۵‎ ۸# ton at 
both flies rates, 


Solution: Apply the energy equation AY deze, neampressible pipe tou, 
^ 7:062) 


api)‏ رع هغه 
ar, fur” [ese ene‏ + و Computirg ¿queaheon: b uae Hp wt of‏ 


A OW tbi * Paton, (JURO, (8) 3, = 5280 £4, 3.5 5310 tr, (4) Keat 50, Kexit 


/ B0 
Sample ٥۱٣۱٣۵۳۰۰ at »31 cts (13,800 Gpra) j rth T= WF e 2900015 YF (Ta ele F.1) 
Te Ls HA A ; Y 
aS AE LANA = 180 fjs; kes Pto En Va; #2 9.9124 
x ES ty Ev ¿E 
Hp 53273, tfh +i) y (S,310- 5285) f + Qora; E M dE E mE t G1.1 £+ 
: 82 
:کاله ئځ‎ ap Pump head | 
| 
نسست د‎ ee وا‎ | 
Fump i 
Head, & SSL IM Cure! 
Hp He =30+ 0.03487 ~ | 
CH) T | 
0 
| 
| ٤ 
30 Pious rate (ets): 3: 3 
Zp | 
۵ 10 £o 30 Mid 
Volume Flog Ratt, ۵ (cfs) ومن و‎ $: He ۰ 
; : 2 uS g i m 
ThE maximus fow PAH 1$ G پپوم‎ 38 fe: Md, CP = [7,100 gpm. 
Could Choose hug Rerless 64 8B pumps at Sot موم‎ (Fig. D. lp) or Thee 
IDAE I. (£) pumps at MD rom (Fi 0.2). Effierneg [Fra MIS) might غط‎ Ap 70.91, A. 
"y , 
Fump maser is Wy = m du 2 = Sb! hp lat A ھک‎ cfs), 235 hp lat 2۱ cfs) Wm 
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û SEETÊ 3 5Suage 


Problem 9 [3] 


Given : Flow sy stem Shown, Elev 289.00" 


Design flow rate: A. «» 200 gpm Angle lift check valve 


1250" Sudden enlargement 


Pipe iS COmmenccra d tec fy D=+4 in "s Gate valve (fully open? 
i Discharge pressure gage 

2 

Eley 28.62" yee 
$ 

Elay 24.00" 


Find: @) Calculate the NOSHA, 
(b) Stiect a suitable pump. 


5° 
SUMP : 


Foot valve with hinged disk 


Solution: Apply the مه‎ 27 5 y equation frc Steande, ¿acompress ible pipe flow, 
, 2 QARSU) ug دي سوه‎ 
tom ng queen: 4. me Me Hat Ho = : + d + her, her «yr z +r] z 


ASSES tens: (1) Reservosos open 7? atmosy here, (2) Lt ser var velocihes ٧. 
(3) T * 70°F (py * 0,363 psia, Tabje AT) 


= ^E: 
AtA = Zoo gpm (bie fafs) so Ve Gn لا کل‎ ONG لش‎ S04 رورو‎ e = 0.00014 tr 


1 2 
Thus RE * وره م‎ £ = 0,60٥ 4y? | f 2 0.0120 د سو‎ rom + 
p aus £ foot value, 75 
2 a 8 L V zı L TS 
Pr the i et. ea + = - 4, -3. -FiS +5) pu] 22 5.60 fé, Sneg ۷۵٥ 
d Centrar, iW 


Then WPSHA « Peres Pr غلا‎ ees ۷ (C So + 33/4 “PJ ™ OS + 
خم‎ eF CH CF LEPER ده نما‎ j 

For the complete system, Lj, = PBE), وز ول‎ E moras ppt 776 ION og 

مھ 0.394 )1+ G40 + 138) r3‏ 1079[ ,++ )29-24( = ال يا وز = Hp‏ 


Hp = 295 fr at O = 200 gam Hp 


From Fug. D.1, a GAEIZ pump (4 in. discharge line) wold Hip the agpheahon, 


This pump Could Produce tne requ creel had ar a speed beca 1180 Gne 
350 rym (Figs. DH مه‎ DS), bur the efficient mar, ner bf Acceptable. 


j Conse It & complete cata hq A makte a beter stitchon, 1 
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Problem 0 [8] 


Given: Flow system And data of Tee 
Proble m 10.69. i EE gus e 
: Angle lift check valve 
Data for pipe aging Form di P 
Proble rm 5 rial سن‎ 
Discharge pressure gage 
d ; : E 
End: (a) Se lect pumps that ci tt Y ett de 
Madan Sister flow Fat, a / Elev 24.00 


ter 10 and 10 years. 
(6) Compare AM wt to Heat مکار‎ 
Puerrip SICA frr es pipes only. 


Foot valve with hinged disk 


lection: Apply the EMG iy LGA, hea tre Shaila ¡neormpres<1 ble Pipe flou, 
watz) NDE) 


Computing 7 " if + رق‎ + Hp d :3 +3 AE hep > -٣) + JE | 1 


Agstemp ho AS! Ci} fy پو‎ arva, (۷ =U #4, (3) Minor e. asin Problem (0.61 


Sample دمه که الا ده‎ at Re Zoo Gpo (5. Wei ېښ‎ fs) for new Plat, ê «0.000 4 (Tabh 8.0: 


AA ET A qt T. na z [L EBO ٥ YT: وځ‎ 5.005 
y nO GU Ker eem RISO A نې‎ LEP i4 
For the complete Systm, 5 > C298 4 S y, E) ) PEEL غ‎ 4 E ال ېر‎ 1 
Ho "43 E + 1 42 es = (23~ ty) ¢ e 38) nm ft = 29S fr 
PloHing ® 
FESLA HS! bo 
Pump 
دو‎ el, Sto 
Hp 2 Asícenmed Duca) 
Eto 
Normaal m 
200 | 
jo Rs) Zoo 300 D 
ره نو‎ fete, A ce. 


A اک‎ ص۸٨‎ H at eoo OG (4 10% OF Hs, Then Haeo * 336 Fe, H Hy * تر یو وف‎ 
and Hx zo ARË, Ar = (Hy وه وه‎ > 0.3 Ho fla د‎ 2 dux CI NET w 3. bo Hue a] 


Sizing The Pana fre 400 gpm at HO gears Wiper tal (ASS Sc. ng ne Cheung in 
Pump Characteristics) produce lob gam af toyearí Qad TEL 9pm wa thE 
nen System , 


The extra. head (536 TR, Compored Ys 24S fr) At 200 3pm Comu ld 66 obtained by 
وه‎ mt fuu dde abort To h Compared 70 The Duce of ېم )۵ه‎ 9 
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$ SQUARE 


T 
ا‎ 
ار‎ 
Mariana 


Problem 10.71 [3] 


Given: Flow Sg ctm of Problem 8155 


Location Elevation Pressure 
22,5 15. (dor 2a. 90 f£? Entrance 50.0 ft 20 psig 
DT? ( i 1) خار‎ ae Discharge 94,0 fi D psig 


Z open gate Values, lopen Gagie value, 7 Standard 99° € (boca 
| Solteare-caged entrance tom A reservoir, | free discharge 


b= 0.4397 4351s — (Q = à gpm) balvanigtd pipt 


Find: (A) seket مه‎ appropriate Pump. | 
lb) Cheek The NHR vs, The NESHA tre this system. 


Solietion: Apply the energy éguahan tre SHO ck, , ١709/1076 SS ible, Pipe Flow. 


. ao m f | 
Computing tguaton: : if t3 + Ho = E + ra + $a her ۴ r i) +1) 


Aaslemphens: (1) V, xs, (2) Ken? 2005, (3) z = 2(8) + iUse) +7 (30) = 3; D= 2.47 m 


g 4 0.0005 5. fz ın. 


ly | 47€ 0. | 
) Galvan gtd pipt, = 9.000€ ++, Zu LT > 


0,002603 


Then di 
Ho = B Pi VEL وار و‎ le V وه‎ 1 gerd = s, 
P 7 + 23 کو يی‎ d (5+) +x] £j Vu z 4/5 5 Ke J 2 ,5 £ 5,07 


. 1 Zz 
Ho (5-30) fot ےد بر‎ FO) UZB? O ر‎ 0-0.0 
8 قو‎ ee up us ee ag emo 


+ {002/290 ې‎ 8e له ې‎ O22) تک‎ = lB f 
وا2‎ Z si Bzr 


TE pump rEg ف‎ ı rê mtn F 1 د‎ i9? Sor ar H*It3 fA, This Coid bu Seco fe 
by a Merles Type YAE (2 Pimp, with un ler D= 11 18. Operating ar IS ram. 


(Tris PUMP me, bt She i5 too BGE , Site TA (pirating Prat d ara 
Flow rote below thet frr best 7۶١/١ êne. ) 


The NPSHR ter tires pump At A * 197 Gam iS abou} SF. 


7 څ۴ 


Thus NPSHA ئ ۸۸۵ (د‎ go 


E 


AN PSH 


favi tahen — Prez operate ns Asdcered. 
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Tht MPSHA 15 Pr À face LaL V pp = Ye + 339 + ZI phe £e 7 02.0 fr 


Problem 10.72 [3] 


10.72 Consider the flow system shown in Problem 8.110. As- 
sume the minimum NPSAR at the pump inlet is 15 ft of water. Se- 
lect a pump appropriate for this application. Use the data for PUMPS, 
increase in friction factor with pipe age given in Problem 10.65 to 


determine and compare the system flow rate after 10 years of A 
operation. O 


Given: Flow from pump to reservoir 
Find: Select a pump to satisfy NPSHR 
Solution: 
2 2 2 
Basic equations E a M i a 22 h h h hı +h f LU +K 1 
0 2 871 0 2 B29 11 “p IT^ 1* "Im D 2 exit > 


Assumptions: 1) Steady flow 2) Incompressible flow 3) a at 1 is approximately 1 4) V; << 


Note that we compute head per unit weight, H, not head per unit mass, h, so the : y? y? 2 
: ; 1 1 L NA 
energy equation between Point 1 and the free surface (Point 2) becomes — +—|- (22) = f-—-— Kat 
pg 28 Dg 59 
PM v LV v? 
Solving for Hy Hp = z3 -— - — +f — — مې‎ 
pg 28 D 2g 2g 
slu 5 ft? V-D 5 
From Table A.7 (68°F) p= 19475 v = 1.08x10 .— Re = — Re = 6.94 x 10 
ft 5 Y 
For commercial steel pipe e = 0.00015-ft (Table 8.1) so pe 0.0002 
D 
e 
1 D 2.51 
Flow is turbulent: Given — = -2.0og — + f = 0.0150 
i : P1 "M ad 
For the exit Kexit = 1.0 so we find Hy = بر‎ —+b— 
pg D2g 
P1 P1 Ww 
Note that for an NPSHR of 15 ft this means — = 5ft Hy = 29 - — رر ري‎ — Hy — 691 ft 
ps pg D 8 
2 3 
-D ft 
Note that Q = a Q = 4.42 Q = 1983gpm 
5 


For this combination of Q and Hp, from Fig. D.11 the best pump appears to be a Peerless two-stage 10TU22C operating at 1750 rpm 


After 10 years, from Problem 10.65, the friction factor will have increased by a factor of 2.2f = 2.2 x 0 f = 0.330 
P1 L v? 
We now need to solve Hy —2,-—-f— —— for the new velocity V 
pg D2g 
.D- p 
yE 2-8 DE Hy - 29 + = V= 2.13% and f will still be 2.2 x 0.150 
f-L ٢ pg 5 
2 3 
-D ft 
Q = v M Q = 0.94 — Q = 423gpm Much less! 
5 
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Problem 10.73 [3] 


Given} Flow Sysien of Probie 8.156: Vj = 120 6 


Pipe, D = 4 in. 
(atumitium) 


Q 7 b00 Gr Total length: L = 700 ft 
Jaints: 15, each with 


ia ams‏ وم 

Find: (A) selec? an afprpriate د‎ 
CE) Compare pump efficiency 
ېلیه‎ éStimate 10 problem, 


Gate valve, open 


WOLZ) 


i : A 2 vin : 
Computing egua o n. ge 1 +3, + Hp 4 * E +3.+ 2 hep E+E); Je r 
Ast. mphens: (1) p = f, * Patra (0) Vi%0, (3) Neglect Clow and noxa fe, stes, (4) £ (vate) =P 


V= ے‎ ga) لر‎ fm یر‎ y? E 
5 ma TG a Tutar دص‎ "٢ 34 a پو‎ ae 


= VD i 
kt vp تد‎ A Ven a 47:05; Smeoth; f «0.018. (T« Gg'E) 


zx E 
HOE x ورک(‎ 
په له‎ - — te 
Ho = $2731 رزخل‎ ber 4ے‎ á + e ام‎ E TT IA 
4 4 2-3 sd (5 5) dz 


deo ft + ¿OYE L )و۵0 لږ‎ 22 + g = 734 
í BS nc (qe +3) کال‎ ft 


E 
" 


Thus tht plump regeurement is Hp * TEL at Q bm gpm. This head is too 
great h bc dêve ope by a Single - stage pump (Fig D.1). From Fig. D. 22, 


The Flow coid bt supplied by a ETUTIE F-sharge, plump, driven ar 
TD onm. l 


Singlt-stage Pumps have pak eyfac ie nue of db percent at Mio cam (Fig, 2.8. 


Thess 70 percent tfñiertney might bt reasonable fr a. 3-srage pump, 
Since CN TS = 0,636, 
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Solution: Apply the energy دمه‎ fry steady, torn pre sS ible pipe fiu. 


4 
^ 
AGAT NGA 


Problem 10.74 [3] 


Given: Fire hese and nes3ie as shawn. ga کر‎ = 100 psig 


Canvas hose: D* Zip. 
g 20,00) fe 


Find, las Design Flaw rat 
(b) Max reiten (0033 Ie ext speed 
(t) Pump 8٠٨7" 
dol) EPOC ara aad ¡poner 


Solution: App ly the energy equated tor pipe tie! 


Computing 7 2 a +40) (pra = hur "Pe + Jes 
st 
Dz 


Ay fk 


Assumphons: (1) Y, =U , 3, +32 (Baim =o 


a 
Thea Di- t : Ap 1 /5V 1 y -[224£]* ¡LA ra In, od: 04 £ =A.DZF 
^ P 7 fee T Ft (Purity rough) 
ya دیس‎ 3 y 3/22 به 2 . ح9/ر(‎ a = 
EN Lon e Slug = 20.9 Fiz 
â olg fate oh باو‎ Slug 300 ېم‎ ars Ib s &] 


aw ER Tra b.‏ دص رس 
HESA 020990 te?‏ 42 ( 8۸۶-۷۸ 


| 1,605 وک )0.040 ft,‏ 20.9 د 
x 22 = 46! gpm (design flota fate)‏ په په Ex lpr,‏ : 


Apply Bernoulls to 1533 he. 


a + Fogg. ږو‎ "eg s VA Ra] 


2 ode, fs) prm | 
Va = p med dun: 4 (0. "et = 124 fejs | 7 


The pung head reguire ment (neglechog Y and a) pill be 


H = Pitt “Ay a loo + 3/33)- o] i, انګ‎ TTE 
P7 7$ n* Ree x oT OU TT Hp 


Fram the pump se lector chart (Fig. D, /) chease 3896 or 4 AE lo puns, 2500 rpm, 
niil. ———MÀ— 
Based ده‎ 445/11 Ar 3550 rom (Fig, DS), Cxpect 9 کو ؤي‎ 7 
سي س‎ 

Pa BAP ہے‎ Opgbh_ 


Lx 20; 2 LP ارا‎ p کټ‎ 
7) bu x vum وړ هه‎ CO AP E 
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Problem 10.75 [3] 


10.75 Consider the pipe network of Problem 8.168. Select a 
pump suitable to deliver a total flow rate of 300 gpm through the 


pipe network. 


Given: Water pipe system 


Find: Pump suitable for 300 gpm 
Solution: 


2 "v. 
P1 Vi P2 V2 LL y 
— +a,;-— +82 |-| —+a)-— +82 | = = f 
p' 73 دو دواد سرو‎ ma وو‎ ur 
= 
25 
f- = (Laminar) = = —2.0-log = - l (Turbulent) 
Re f 3 1 Re-/f 
2 
. د‎ LV 
The energy equation can be simplified to Ap = pf D E 
This can be written for each pipe section 
: : L VA 
Pipe A (first section) Apa = PA E (1) 
A 
2 
Lg Vg 
Pipe B (1.5 in branch) App = PB, EH Q) 
La Ve 
Pipe C (1 in branch) Apc = PH GB) 
Dc 2 
2 
۱ ۱ Lp Vp 
Pipe D (last section) App = PfD Do تې‎ )4( 
In addition we have the following contraints 
QA = Qp = Q 6) 
Q = Qg+ Qc (6) 
Ap = Apa + App + App C) 
App = Apc (8) 


We have 2 unknown flow rates (or, equivalently, velocities); We solve the above eight equations simultaneously 


Once we compute the flow rates and pressure drops. we can compute data for the pump 


- € 7 = : 
APpump = AP md Qpump = QA Woump = 4Ppump’Qpump 


000085 


0.00085 
0.00085 
0.00085 


Pipe Data: 
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Fluid Properties: 


p= 1.94 slug/ft 
u=  2.10E-05  lbfs/ft 
Flow Rate: 
Q = 300 gpm 
= 0.668 fé/s 


Flows: 


Heads: Ap a (psi) Ap ۍ‎ (psi) 
804.0 448.8 


Constraints: (6)Q - 0 Qc (8) Ap = Apc 


0.00% 0.00% 
Error: 0.00% Vary Qs and Qc 


using Solver to minimize total error 


For the pump: Q (gpm) 3 (hp) 


This is a very high pressure; a sequence of pumps would be needed 
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Problem 10.76 14] 


10.76 A pumping system with two different static lifts is shown. 
Each reservoir is supplied by a line consisting of 300 m of 20 cm 
cast-iron pipe. Evaluate and plot the system head versus flow 
curve. Explain what happens when the pump head is less than the 
height of the upper reservoir. Calculate the flow rate delivered at a 
pump head of 26 m. 


300m of 20cm pipe (cast iron) 


Given: Pump and supply pipe system 


Find: Head versus flow curve; Flow for a head of 26 m 
Solution: 
72 X 
— €: O E uda eb V ple vow 
7 - -Z - -Zy | = - = f-—- —_—- A 

o 2 Sr cd 2‏ 02 ږ or 4 p‏ لل 

Applying to the 24 m branch (branch a) 1 ی کن‎ 
وه‎ FD A 


L 
where H, = 24-m and > is due to a standard T branch (= 60) and a standard elbow (= 30) from Table 8.4, and K = Kent + Kexit = 1-5 


from Fig. 8.14 ۷ 
L Lea 8 

= H + ٢ 2+—|+K/|— (1) 
D D 2-g 

Applying to the 15 m branch (branch b) =H +|f L te +K Vo Q) 
Hpump = Hp D D 2g 


L 
where Hy = 15-m and 2 ئ‎ due to a standard T run (= 20) and two standard elbows (= 60), and K = Kent + Kexi = 1-5 
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Given data: Computed results: Set up Solver so that it varies all flow rates to make the total head error zero 


L= 300 m 
e= 0.26 mm 
D= 20 cm 
K= 1.5 
L4,/D = 90 
L/D = 80 
H,= 24 m 
H,= 15 m 


p= 1000 kg/m? 
v= 1.01E-06 m?/s 


For the pump head less than the upper reservoir head flow will be out of the reservoir (into the lower one) Total Error: [0.00] 
Head Versus Flow Rate 
35 7 
30 - m 
25 اس سه ن‎ A ج ص سا ت‎ > 
E 20 | 
E 
9 154 
x 
10 4 
5 4 
0 T T T T T T T 1 
0.07 0.08 0.09 0.10 0.11 0.12 0.13 0.14 0.15 
Q (m/s) 
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t 1 — ee - 1 i 


Problem 10.77 [4] 


-——— ٤ 
Given: Chilled Water Cirzu lade Seton of Prpbler 8.158: fo} 


LES mi. (IS, 800 ft), D = 244 (steci), Q = 11,200 مه‎ , Loop ه‎ 269 erated 


Find: (a) Select suitable PUMPS for parelel pra hon, 
(b) Calculate power fry S pumps و‎ parallel. 
(à) Calculate voleme flow rate and power if lord pumps Operate. 


Solution: Apply thé entrgy «gua hon for steady 7/ر‎ AQLESS ¿ble pipe Flows, 


Computing eguahen: Br de T 4 d her , her rts "n 


Assuma hons! Cp. = br, Qa, au, NOT * Br, (4) Neglect موم‎ losses, E mo KO 
o. Moa, AA ma . dia d 
VA a" و‎ yf gat ba see 7 7Y د يي‎ r on Spo e pe B eus 0.9714 fs 

* د اا و‎ palo As s Re a i j f= SxS, f» 8 
2 
— j 

H = fe Y = 2.212 ژ 235785 پر‎ f+ 2.973 fr a DI fh H | 
0 d oF 2ft d A LE 


For fhree Pens in pecrze el, tach wil operate at Aja = 3730 98,77. The 
PEU UNS meat try each pump is He (01 ft cct G, = 3730 gpa This co) bt 
| Supphed by Peeriess Type 10€ 12 pumps with impe ters of ۵ =I in. 
diame fen, operahag ar Na 1760 nomina] (pm. The. Cite ney at thet 


Operating pont 13 DZA gc, : pep. 
Find Operating ports JAP PT L and 3 perras: | 
| 
| 


a 


bw 
3 pumps "o 


Head, H, (ft) 


0 2,000 4,000 6,000 8,000 10,000 12.000 14,000 
Volume flow rate, Q (gpm) 


The Graph ices soteh کا‎ Shor 
Q, = rot sahifactoa, Qz = 2400 apn hoa mal), Ga =I), 200 gen lor) 
! GP 72 


Assuming a 4.3, then Wh a PRAH وي‎ hp, TEPA > د‎ hp, Aña نه ږې ړل ها‎ 404 hp 
0: 
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Problem 10.78 [4] 


10.78 Consider the flow system shown in Problem 8.76. Evalu- D 
ate the NPSHA at the pump inlet. Select a pump appropriate for D=160m 
this application. Use the data on pipe aging from Problem 10.65 (Elbows are flanged) — Free discharge 
to estimate the reduction in flow rate after 10 years of operation. z4 = 35 Mm 
zı = 20m 
Pa = 450 kPa 
p= 150 kPa 

Given: Data on flow from reservoir/pump 
Find: Appropriate pump; Reduction in flow after 10 years 
Solution: , , 

' 1 P1 V1 P4 V4 
Basic equation: — tO — ادي‎ — tQ —— +24| = Hip Hy for flow from 1 to 4 

pg 2g pg 2g 


ty! شر‎ 


L e 
D 2g D 2:g 2-8 


Assumptions: 1) Steady flow 2) Incompressible flow 3) a at 1 and 2 is approximately 1 4) V; = V3 = V4 (constant area pipe) 


2 
Given or available data p= 1000-58 v = 101x10 55. Py = 2.34-kPa (Table A.8) 
T 5 
us 
p? = 150-kPa p3 = 450-kPa D = 15-cm e = 0.046-mm Q = 0.075:— 
5 
4 
په‎ = 20-m 24 = 35m yed V = 424 
2 5 
T. D 
Le 
For minor losses we have Four elbows: — = 4x12 = 48 (Fig. 8.16) Square inlet: Kent = 9-5 
D 
2 
P2 + JOY — Py 
At the pump inlet NPSHA = ———————— NPSHA - 16.0m 
ps 
; 1 P3 P2 
The head rise through the pump is Hp = Hp = 30.6m 
ps 
Hence for a flow rate of Q = 0.075 E or Q = 1189 gpm and Hy - 30.6m or Hy — 100ft, from Appendix 
5 
D. Fig. D3 a Peerless4AE11 would suffice 
We do not know the pipe length L! Solving the energy equation for itz, — z4 = H H =f t v +f ve v +K v -H 
y 1 44 IT "p D 2g D 2g ent 5, p 
-D - 
For f Re = 1a Re = 6.303 x 10° and — = 3.07 x 10 2 
Y 
e 
1 D 2.51 
Given — = -2.0-log| — + f = 0.0161 
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L = 146m 


f = 2.2-f 


29 = -32.0% 
Q 


f = 0.0165 


Hence, substituting values 


From Problem 10.65, for a pipe D = 0.15m or D = 5.91 in, the aging over 10 years leads to 


We need to solve the energy equation for a new V 


2:g.D Le Kent P 
LE = (217 24 + Hp) - D| — ET 
f.۷ p 
2:8:(21 — Z4- m 
V worn V worn = 2:88— 
L e s 
fworn’ D E D) ar Kent 
i 
Qworn = 0.0510 — 
5 
m 
AQ = -0.0240— 
5 
e 
1 D 2.51 
Given — = -2.0-log) — + —————— 
f 3.7 Rewor Vf 


H T-D 
ence Qworn = 4 "V worn 
AQ = Qworn - Q 
V y 
Check f Reworn = wo 
v 


Hence using 2.2 x 0.0161 is close enough to using 2.2 x 0.0165 
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|o Ff "s 


` Problem 10.79 [4] Part 1/2 
LI H * a L 
Given: Gasoline pipeline of Prob lex 7 
L-/3 km, D 2 0.6 m, Ap, =i IF l © S6 = 2 


Rough ness egu valent b galvar) ized ron (€ = 0.15 rim = 0. 000i m) 
Find: (a) Select suitable pumps frre para Itl ۵7 

(4) Cadea lete the power required trv 4 puynps in pena سي‎ 

(Y) Cáateuviióre value flow rete ane porte with h and 3 peumps 


Solution! Apply Che nergy eq م و وګول‎ tre sia, kom" rts thle Pipe Fie ts, 


. $ , -— b ` m e. 
Comping equahos: Pe AM +g + Hp = Pla ریه‎ A Jap (S ei] ¥ 
ME" à t "P + LR E "EE Birk] Z 


fê 


Assunmaphoas: (1) ۷ *V ay = “uj (2131 +3u, E) Neglect mior la sits, So, ked 
Find thos rate Jo $136 pump, From { do E, Hg 70,55 Deme im 24,71 f 
1 
۰ E c ApD fê £ , 6.000) m - 
Pr Pe har, Ap = Phar pf, y =[26P? | 5 abr * 7 


CE E da 


But f = (Ke, Ep); Re iS not known. Choa. £ rro tuelly-rough ned ton f * p.oi 


Ju x 10% Pa, EL 


A = z E ; > A. E : 
p لو‎ O نیز‎ j P= DIL Pg = Ol ١ ید‎ = 140 Sleg) ft 
: ; L 
y +] RUE اد‎ AA E i ولد‎ thy 144 څو‎ EET. 
A. AO les با(0,0‎ aoa fr e fee 


Check» RE = = = MER y 1.97 f$, 


s 
غو صن نو‎ ~ 2.70K00" | SOO (sec pote be bw, 


/ 
= TN مە‎ y 
7 ajere] WBE ک/م/ اب‎ Q VA = 35,3 ۳3 = 5,700 مو‎ 


For pratiti Opera an DJ HR TOL UNE, cath ree st ارباک‎ O z 3930 gpm, 
E 


Thé head re "P 13 Hop = Pipe ے‎ 2908 bf A nop a 
G P OF. ERI CHEER Zt bSy tt (gaso (0E) 


This tomba Tio n of head and Flow rate aaar bt S4pphéd by a singh- 
Stage pump. From Fig, D H, he two-stage, Peers: Type I0 71/22) ptemp 


Nitiey bu EROA, Fo 


Thé ipee. Power regeeivemenk ۱5 ولا‎ = ۵456 20/79 Hp = 00S, 


: / | 3 : r 
hm = رکا سل‎ 76۵ ۹41 204 bf tt m IAM uS b S a Hora Wp 
LE oe mak رچ 602 ووکرو‎ Bila وص‎ = £870 hp tofa) pi 


Flow retes with feuer Papas pperahng ره ت۲‎ doe, fonda fram Bs Piet. The 
Pump characteris ht MA te A KyrOX iia ted as (Assume H 7 Ho) 


A 
Ho 2934 — 181x072 * {Ho د‎ E - 4934; B= eH dei / Six le } 


ttp:// net 


Y 
3 
he a 
È 
5 
z 


Note ! Gasalieic 13 bestren ottane aao Hara, Pig, A3 Pre په‎ iS 0 ox هو لاس‎ mi fy 
1 9 7/6050 دل و‎ 


a r 


Te Problem 10.79 [4] Part 22 
Fyr Huo peros. (n paralel, A= Ho AMEN a 43u - پا‎ sexo کی‎ ۰ 


fiy Theta ٣ 5م‎ ja para litt, 7 Hy - پ 9 يه( ې‎ - 2.02 x 1078 a 


For four وسم‎ in pecrallel, À= H, -A(By نه‎ 389 - 1 13110 A 


TRL pipe Sti em cho fa ه٤‎ ٨)د‎ ٣ ځا‎ aprax mak ty given by 


7 4 
He ean (BL Hs e LSH OS kIT "Pape, E n = Liso ea? 


at rS 

Platting 460 

ME SU HS: $00 

"joo 

: : DF 
GS Ey hm 

: 500 
? HEA e, | 
H | 
HOO f 
CE of | 


80 در يت | 


0 S009 10,009 (5000 LO LO 
Vole me Foca Kate, G Carn) 


The aprox mate volume toto rates, heads ana Bote ۵٣ د‎ ۳٤5 


la Ssceminc F ور :ریو‎ = 0,65) AS! 


Number of Flaps / 2 = 4 

Flota Kate lgpm) 5710 / را‎ 400 114, Zoo 15,700 
Head (f galo liie) ug 345 531 b5 
Power (hj) 227 1100 2110 2880 
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Problem 10.80 [4] Part 1/2 


Given! Sprinkle system for lakeside home, O 
0 ٥ هو‎ by = S0 P314, D=l la (rom, galv. Iron) | 
Find: (0) Head loss 072 suchen sick, of Pump, او‎ 


Œ) Gage pressure Ad pump ران‎ 
(€) Hydra hie power regm far pump. 
(d) Change To DELSI. T 


e Alf haa? E | 

&) Pung half wag up hi p l 
Solution: Assume TFSF مد‎ y «08x e$ 4s (Tabe AT). 
For ١ in [romina] pipe, D = 1,099 in, (Table 9.8), VERA GOL (RIA o, c0600| 6» 


a a (09a! . A Ns G 
ini v * 
/ A pain d. و وچ‎ 2 | 9$ gal Mos TAU مځ‎ ; z? $x MERDE E = 6.90 fa js» 


#8 


= E په‎ 1,040 in, x ÉL = Beoxiot;e= 0.0008 f+ (Table 5,1) 


4,08 x 107 yee lem. 


Therefore E a 0.0008 ff. "mm - " 
2 Marr p fp = 0.00572 ده‎ fa 003% (Fig. 5.13), 


Apply energy equation Por arnt incornp re علط ۱ک‎ pipe Flow: 


ot} he p^ 
( VIDE en ef) fs ra و و > و‎ RO 


=0.79 بل»‎ =30 (Tabie &¥) 


4 sáu ip hovis : (il $a Paty að Gaga | (abit P) 

(2) v, 20 | 

Li Soft I2 in. 
(3) J وک‎ -5 * OG. سا پس‎ 
Gu, 2 f | j | 
» [A039 (572 + ولړو‎ RE, a 
— Hr. f — بر‎ 
(Qaae) w-pa/ Va tha zm» 
fa (gage) GEA + ga + Her) | Hey یاځ‎ f her, 
al HE feug fen s A Gs : 

t (gage) x ې سک په‎ ٥ 7 ft) سک‎ = Te pue Pe 


To Find hydraulie pot, must know s. Apply energy equation: 


(B esa) Grm É ولل ولو‎ 


Assumprhons: (1) Va = V, =V=V بت‎ 88 IT 
d s " ü s 0 Do in. Z ipae 
Ps =p چم‎ av ده‎ (EE ] 
= 59۶9 ې‎ fot ېا‎ [bf hr | - n d, 2 2 ¿Got? وو‎ ZA E 
Pz A, (0.034 V (270 L2, 140) 4 ba Ni نزو‎ 
Thus tre pump head دا‎ Hp = Paba. (fu 8- (- C. e, fF ENTE 
PG اط با 2ي‎ fi 


since V "V, and the clevarhons are. corrected do the pump camer hint ya” 33). 
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Problem 10.80 [4] Part 2/2 


From Eg, ifa, Wha د‎ 084 Hp. Thus Wh PORN 


: fr? I8 * 7,48 gal * $3 coo f p. = 4533 hp Why 


Changing to DLE yn, (orina!) Pipe Would reduce the mean velocity and 
hence the head loss and the rmn less. For this pipe D 100 in, (Table ESI 
Aa zp”, ^ Dey fer / ff 7 

وص ۷7 لهو داي دد 0.0 = 

T 41 د‎ V oe REXT E Los E VS Fels 


Ke = 2 > 45E P La! < l 
s* ai al x10; 5 = 0.90373 j £7 0,032 (Fig, ۶ 12) 


Thug Ye =i / se e 
s* EST 


af 0.931 0,03 
٢ سو ده و‎ Lp st y 


= 20338 & 


" a (951 س‎ + ex Ie). 0588 ja 
Tay Mm id 


ha (gage) = “eg Ly rge یم‎ 
“Da gage) =- b. “ee (0.0388 + 10405394, Tga o — 489 ولعم‎ 


and 


Palgage) * py tea (3s و“‎ + Hers.) 


(gage) = Sd psig p bly I [pogu د د‎ a : 
Px Gage} PAIgG + a ) م- و‎ Ah) oa ٠ $0.8 psig 


The pump had 1s Hp = خو‎ a P.-C ot ر لځ‎ nin? 124 پر‎ 
inf OLYE Fer ™ 


TRUS The pump pour دا‎ Wy, = شو‎ Hp = 0.048 hp 


The power red le chon ts AW, z hh, (sia) MG mr) - bI percent Abi, 


Wyl tiad i | 
The pump shouid tat? be moved Up the hill. The NPSHA roto is 


Ei vi EN ۸ 
UT [ b (ass) +] EZ. [fast plgage) + Pb - for | 
At T=¿£8F J Par 64 psi. (Table A7). 
۸/۶, م٨ د‎ 2 DET er , C8 تبيه‎ RSU o O, dáist خش‎ lot len? 
ځا #و‎ rl + pa” EL EDT y Fal v) Eod | Wis 
NISHA =18,5 TH (Im, pipe) 22.64 (15 sa. pipe) MSHA 
A OS A 3F o iiiih 


This ك 2۱د‎ rot be reduced further by raising the pamp, If anything, the 
pump Shouts bt picred Ts Ase NHA. 
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=e Problem 10.81 M] Part 1/2 | 


Given’ Pump Gad 7 Syston At fake sicde hona که‎ SRO, 
ORADE on P Amd, 0/35 Fe e | 
Dem doom = S. œf m. woe E 
Std E 
Ena: le) ځا‎ s teri head لل د‎ Curve C bows 
(b) System operating pont | 


(d) Sketch OF SGSHEN Clee " 

t hen 39 2 0 Der * be 
Lacy = ؤ دل‎ Yt 
(8) Sketch of Sy Sera turve 

Wher) 3a 7154, VAN 

Pett hosts, نل مه‎ D. ESTE 


Reunded Jolet 


(f) Which ease bas big hern pana efferent gy 7 


Solution: Apply The CI روو د‎ Yeu part flow, The Pun UST OVE bar te 
the Gravity [^ plus phe head losses دا‎ the pipe and هه‎ 


National "Brand‏ چا 


Assum tU) No mına! speed is Vo ۱2 RES, T = oF, y s 12x OPPS (Table AT) 
E) Flow in Fully rol fy 3008 (e= 0.0095 ff {Table Ev), S poor Ar 2.084) 
C Cases: CG) Water in tank blew) 
(2) Water A fae at 3 حا‎ fe 
B) Valve Closed so Q= 0.1 Fs, valve part closed 


b Vet/ve 47 


Then 
i > PAT a & Le L . 7 
Hay. Ñ = [Kent + ۴ (5+ 3 E Chow) + Egat. valve) + Kawit] 2 | 
F Zoo ft idan . 5. "d "AN 
A, c-)Ó0*4t00( i's pud BB) FP )ETIY = 22.2 M. 
Mer 1 eund A (30) t ۶( j£ 7 
= E 
ana Fs, = Bend 4722.3. E = 
Lew 
a 


Assume V7 Ie FIS, Q= 276 مهوم و‎ V 2 = 2,24 fh, Hg = TOF 22.t (2.24) = 120 fy 


Case f: 6 = “a Fe Operating 2, n. A Zi Spr, Hy, = Ha 2/20 £p P 


Po PBEH a bt. jot pe, E 0,0513 fry /àn oy, Ap +s = 10.5 hp p 
Ve 4x "2. Y ETT 
rM 


Case 2! gead "Qo fF j Hs = o4 22,262.24) = [40 ft 


A 
= 4o» ے ل(ص2و 8اندئ‎ 90 +, Sst Blip] Pa 
(216 gp)" 


"-————————— nee 
Case 3: qe EE > HEG gen ز‎ He = He ; کک ر‎ Heep 22.7 Ha 


Hes Ho + (Hor Pap gta HE (fe 120) > 10 Lo? 
a Bop * CP 


Hp 2 168 tear La 490 gpm | ae 
Manut Oo E E ee تحت تت ودد‎ 
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Problem 10.81 [4] Part 2/2 l 


Water pumped from lake to storage tank on biuff: 


Input Data: 
Friction factor: = 0.024 (س)‎ 
Pipe diameter: D= 3088 in 
Calculated Results: 
Pipe area: Az 00513 f 
i i 
System Curves for Various Conditions: | | 
Case 1: Case 2: Case 3: Valve partially closed i 
H, H, H; 
Q V Vi2g (23% 70ft) (z= 90 ft) Q (z,= 75 ft) 
(gpm) (fts) (ft) (ft) (ft) (gpm) (ft) 
0 0 0.00 70.0 90.0 0 75.0 
25 1.09 0.02 70.4 90.4 2 78.8 
| 50 2.17 0.07 71.7 91.7 4 90.0 | 
E | 75 3.26 0.16 73.7 93.7 6 109 | 
3 | 100 4.34 0.29 76.6 96.6 8 135 
E 125 543 0.46 80.3 100 10 169 
1 150 6.51 0.66 84.9 405 
د‎ | 175 7.60 0.90 90.2 140 
200 8.68 1.17 96.4 116 
225 9.77 1.48 103 123 
249.3 10.8 1.82 111 131 
277 12.0 2.24 121 141 
300 13.0 2.63 129 149 
Pump Head Curve: ES — 
" Q Ho 
| (gpm) 00 System and Pump Head vs. Volume Flow Rate 
0 171 | | 
50 10 — | | 
100 165 | l 
150 156 | | 
200 45 g | | 
250 130 E i 
277 120 oa 
300 111 | #8 i 
i) Tae 
| E | i 
MEL | 


0 50 100 150 200 250 300 
Volume flow rate, Q (gpm) 
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Problem 10.82 [4] 


Gren: Manufacturer data fr Submersible Pura; 


Discharge Height (fe) 1 2 5 10 15 20 3 


Water Flow Rate (gpm) 204 20 19 16 13 8 0 


Find: la) Plot a pen دوم سم‎ nee Cleve tire thrid Pura, 
(5) Deve boo and show A craft to the darn, 
)۵ له الاو‎ and Plat fhe Pump AENA VESS discharge height 
for 61) So’ of Su in, garden heck, (4) Sp or 110, pipe. 


So/tcf ion (Th و‎ OEL de fea, ane CASA At are plo Jd BelO] 


p AA TA 
Cure- -fit : 

Zo 1 2 25,0 - کو باوچو هو‎ rt 29,992 
Ficenp Galvar zed pipe, 
hiad O D= A. (nam) 

Hia Smooth hase, Dz 1.097 n brit) 
(fh) lo Q- 0,78 r. 8 
O 
D سا‎ z = 


Vo kame fiau Pak, Q Capa) 


DA egergy qua Fea fre SHA, ¡nea apre ss iba, pipe Fjo wes Lose d To 

develop the byster Curves ۸ک‎ abo, fry AZ ۰ To obtain dé hvtry 
۱۸٣٣ ماک‎ 5 heg ht, add the € EAPO »6و‎ o fue has fre Agro do fad 
the neu ntt دوفوګ یک‎ With the purap GLenue : 


Az 
H I Hose cu nw, A3 aD 


; , "n 
Tht SOC rester د/‎ obrantes toba the 
difference be Feen the piero Cle nt, arid : 
The hese, ata gitn flow rate, eg oii Az. — F iow cnt 43 *0 
Flow With Az 


Plotting : IS 


we Line pipt, Soto 


Fon lo 

delivery, 

Gem) $ % in. hase, So 
2 


4 lo Zo Zo 
Elevation Change, Az (fF) 
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E 


" 


ACA Y TC AUS. 


SGUARE 


HG SHEETS د‎ 


Problem 10.83 [4] 
Given: Susimmiig pool د مل و677‎ system of Problem 8.169. 
Asstt pipe used 15 Blu in. (nominal) smooth PrE plak he . 
Funp de ers A * 50 Gam af is length: 


our X F. From‏ م64 ما 
poot‏ 


Fi Her pressure drop کا‎ Ap =0.6Q° TURO 


lu here Ap in psh Gad @ 79 gpm. Filter 


Find: (a.) Spec ife sped and impe Hte diste dus pf secióa ble Pura 
(5) Estima pump ۳۸٥. 


Solution: Netd head to Spec ta Puno. Using EM, with 8.۶26 2pm (0.0 bi? 


EFS) and D = 0.824 in. (0.0692 ^), Ap = 5S6 pst. 


Flota must Split ty هناو‎ Same pressure drop in tach branch, در د‎ iig 


Lalo foreach elboco دا‎ 30, eration ques: 
Boy = 248 qom ( 00833 efs) and Ap = Ib. o7 psc 
Bez = 5.2 gpm (Ooue Cts) And Ap *ie.t+o.b0ts = 16.8 psi 
Neg lech ag Any pressiere at the penip mer, Thé prima must Supply 
و‎ cer = Ab, 44, 7 S5 ^16.) = 22.3 pst 
The pump head is H= Poe 2.3 E = SiS fr H 


This Puna. 15 mo So H to be found je Fig. Ò t., Theretrre Appr xinete ris 
Characterishes SA As and My. Assume M * 3500 rpm: 


08 N qe 2 A5 (30) * eM 
Ms bate Es s T 


Fro nm Fig. 10-15, 7 & په د‎ ar less. Assuming 42 40 Ho, thea 


| 
: 
: 
| 


Do 307 rAd SE 


1 i 
Hox د‎ eb EY Rah 2"). a z fe «SUS دال‎ inno 
a ° 23 
The ont ler diameter 15 approximately 


D* 2g = 2,0133, I£ an. = 3... 
ft 


The pump Power reguiremenk IS 


py = FOJA LL xO Dalek ET, B24 bt, SLEE AOS a OST Ap 
7 Db و‎ SED ۸ tot 


A 3/4 hortpouwtr moter Sheuld be used, 
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Problem 10.84 [4] 


10.84 Consider the fire hose and nozzle of Problem 8.159. Specify 


an appropriate pump and impeller diameter to supply four such hoses @ 3 © 
simultaneously. Calculate the power input to the pump. 0 
Given: Fire nozzle/pump system 
Find: Appropriate pump; Impeller diameter; Pump power input needed 
Solution: à : : 

: : P2 2 P3 3 L V2 
Basic equations — +a—— + £25 — +0: + 8:23 | = hy h = f——— for the hose 

p 2 2 D 2 


Assumptions: 1) Steady flow 2) Incompressible flow 3) a at 2 and 3 is approximately 1 4) No minor loss 


— س د وه‎ + £25 ٢7 | له مات‎ | = hpump for the pump 


Assumptions: 1) Steady flow 2) Incompressible flow 3) a at 1 and 2 is approximately 1 4) No minor loss 


The first thing we need is the flow rate. Below we repeat Problem 8.159 calculations 


2 
po-Pp «Ap: 
Hence for the hose 2B NC Q5 Y. or V= 2:Ap-D 


We need to iterate to solve this for V because f is unknown until Re is known. This can be done using Excel's Solver, but here: 


2 
k = 
Ap = 750-kPa L = 100-m e=0 D=35cm p= 1000.5 v = WG 9 
m 5 
2-Ap-D 2 
Make a guess forf f = 0.01 ya D. Hall ناي خي‎ Re = 2.51 x 10? 
p-f-L 5 v 
e 
1 D 25 
Given — = -2.0-log| — + f = 0.0150 
2-Ap-D 2 
V= d vV =592 2 Re Re = 2.05 x 10° 
p-f-L 5 v 
e 
1 D 251 
Given — = -2.0-log| — + f = 0.0156 
2-Ap-D -D 
V= E v=581— ee Re = 2.01 x 10° 
p-f-L 5 v 
e 
1 D 251 
Given — = -2.0-log| — + f = 0.0156 


2.Ap-D -D 
Ma ata v = 5.802 Bac B Re = 2.01 x 10? 
p tL S v 
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2 3 3 
T-D 3 


ga Ty Q = 5.578 x 10 «m Q = 0.335. 
4 5 min 
We have Py حا‎ 246 P2 = 700.108 + 750-kPa P2 = 1450kPa 
2 2 
For the pump P2 V2 01 Vi 2m 
17 t FT ! £2» T ! LC y 8:21 pump 
P2 — Py P27P1 
SO hpump = or Hpump = وېي‎ Hbump = 112m 
p 8 
a 
We need a pump that can provide a flow of Q = 0.335 25m or Q - 88.4gpm, with a head of Hpump = 112m or Hpump = 368 ft 


From Appendix D, Fig. D.1 we see that a Peerless 2AE11 can provide this kind of flow/head combination; it could also 


handle four such hoses (the flow rate would be 4-Q = 354gpm). An impeller diameter could be chosen from 
proprietary curves. 


W 
The required power input is Wy, = ۰ه‎ where we choose Mp = 75:% from Fig. 10.15 
۸ 
P:Q:8:Hpump 
Wn = ==— Win = 8.1817 for one hose or 4-۷۷ چحې‎ ۷7" for four 
"Ip 
Poump 6.14-kW for f 
Prequired x 5 Prequired z 70-96 Prequired = 8.77-kW QE 4-Prequired = 35.1kW NOE 
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Problem 5 Bl 


10.85 Performance data for a centrifugal fan of 1 m diameter, 
tested at 650 rpm, are 


Volume flow rate Q (m/s) 3 4 9 6 7 8 
Static pressure rise, 


Ap (mm H;0) 53 51 45 35 23 11 
Power output Y (kW) 205 2.37 2.60 2.62 2:61 24 


Plot the performance data versus volume flow rate. Calculate sta- 
tic efficiency and show the curve on the plot. Find the best effi- 
ciency point and specify the fan rating at this point. 


Given: Data on centrifugal fan 
Find: Plot of performance curves; Best efficiency point 
Solution: 
Wh 
Basic equations: "lp = — Wp = Q-Ap Ap = p,-g-Ah (Note: Software cannot render a dot!) 
m 
Pw= 1000 kg/ m? Fitting a 2nd order polynomial to each set of data we find 


Ap =-1.32Q ° + 5.85Q + 48.0 


Pm (KW) 7 =-0.0426Q°* + 0.389Q -0.0267 

Finally, we use Solver to maximize 7 by varying Q: 
[s |» 262 | 2o 7 

| 8 | 11 | 240 | 066 66 


Fan Performance Curve 


60 4 + 100% 


n (%) 


0 T T T T T T T T T 0% 
3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 


Q (m/s) 
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Problem 56 31 


10.86 Using the fan of Problem 10.85 determine the minimum- 
size square sheet-metal duct that will carry a flow of 5.75 m/s 
over a distance of 15 m. Estimate the increase in delivery if the 
fan speed is increased to 800 rpm. 


Given: Data on centrifugal fan and square metal duct 
Find: Minimum duct geometry for flow required: Increase if fan speed is increased 
Solution: 
Wh 
Basic equations: Tp = z Wa = Q-Ap Ap = p,,-g-Ah (Note: Software cannot render a dot!) 
Lv 4A 4H 
and for the duct Ap = p, f-—-— EN کم سه يټ‎ 
P = Pair پا‎ 2 Pn =p ^ 4g 
w دیا‎ a 
and fan scaling Q = 5.75-— w = 650-rpm w = 800-rpm Q' = —-Q Q' = 7.08 — 
5 W 5 
Pw= 0 kg/m" Fitting a 2nd order polynomial to each set of data we find 
Par = 1225 kg/m Ap =-1.32Q* + 5.85Q + 48.0 
Vair 1502-05 m/s 
L- 15 m User Solver to vary H so the error in Ap is zero 


Assume smooth ducting 


Note: Efficiency curve not needed for this problem 


76.1% Dua | 
84.9% 
[ 6 | æ | 2€ | 206 [78.6%] 
Eror in Ap [ G0: ] 
[s | 11 | 240 | 0866 7 

Answers: 


Fan Performance Curve 


60 4 + 100% 


0 T T T 1 T T T T T 0% 
3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 
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Problem 10.87 6] 
10.87 Consider the fan and performance data of Problem 10.85. 
At Q = 5.75 m” /s, the dynamic pressure is equivalent to 4 mm of 
water. Evaluate the fan outlet area. Plot total pressure rise and 
input horsepower for this fan versus volume flow rate. Calculate 
the fan total efficiency and show the curve on the plot. Find the 
best efficiency point and specify the fan rating at this point. 
Given: Data on centrifugal fan 
Find: Fan outlet area; Plot total pressure rise and power; Best efficiency point 
Solution: 
Wh 
Basic equations: Np = کې‎ Wy = Q-Ap; Ap = psg Ah, (Note: Software cannot render a dot!) 
m 
1 2 
Páyn = 2 Par 
3 2 
P, Par V^ 
At Q = 5.75. we have hg, = 4mm Q = VA and با يې‎ yee Bud 
5 1 Pw Pw 2 
Pw 
Hence V= پس‎ han and A= Q 
Pair V 
The velocity V is directly proportional to Q. so the dynamic pressure at any flow rate Q is hdyn = 4-mm- P 
em. 
s 
The total pressure Ah, will then be Ah = Ah hdyn Ah is the tabulated static pressure rise 
AtQ= 575 ms 
h an = 4 mm Hence V= 800 m/s 
3 
Pw= 1000 kg/m Fitting a 2nd order polynomial to each set of data we find 


h, = -0.12Q* + 0.585Q + 4.7986 
P, --0.1330 + 1.43Q - 1.5202 


7 = -0.0331Q? + 0.330Q+ 0.0857 


Par= 1225 kg/m? 


[ s | ته‎ | 260 | 30 | 480 | 236 [906%jinally, we use Solver to maximize 7 by varying Q: 


+ 100% 


F 75% 


٢ ۴ 35 | 267 | 435 | 394 | 232 ۱٩۹4۹ 


[5 [5 28 [59 T 29 [19 7 
[s | | 240 774 | 187 | 147 [613%] 


Fan Performance Curve 
6 i 
5 4 
FEE 
I 
= 
Soad 
El 9 مس‎ 
= 24 ¿A 
سي‎ 
1 A 
0 T T T T T T T 
3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 
Q (m/s) 
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1 
2.4 


Problem 10.88 [3] 


10.88 The performance data of Problem 10.85 are for a 1-m Volume flow rate Q (m/s) 3 4 5 6 7 
diameter fan wheel. This fan also is manufactured with 1.025, Static pressure rise, 
1.125-, 1.250-, and 1.375-m diameter wheels. Pick a standard fan Ap (mm H20) 53 51 45 35 23 
to deliver 14 m'/s against a 25-mm H20 static pressure rise. As- Power output Y (kW) 205 2.37 2.60 2.62 2.61 
sume standard air at the fan inlet. Determine the required fan 
speed and the input power needed. 
Given: Data on centrifugal fan and various sizes 
Find: Suitable fan; Fan speed and input power 
Solution: 
0 Q fup? kk شت نه‎ . guid EAS 
Basic equations: — = | — ||| — — =| | ces 
Q Ww D h w D P Ww D 
We choose data from the middle of the table above as being in the region of the best efficiency 
m? 
Q = 5— h = 45-mm P -ر‎ 7 and w = 650-rpm D= 1m 
5 
ae 
The flow and head are Q' = 14.— h' = 25mm 


S 


These equations are the scaling laws for scaling from the table data to the new fan. Solving for scaled fan speed, and 
diameter using the first two equations 


1 3 1 1 
2 ٣ هه‎ A2 4 
w' = w R . a w' = 250rpm D' = D. ٩ n D' = 1.938m 
Q h Q h' 
This size is too large; choose (by trial and error) 
3 
m 
Q =7— h = 23-mm P = 2.61-kW 
S 
1 3 1 1 
2 4م‎ x2 4 
Ww = w 4 . 2 w' = 489rpm D' = D- = : P D' = 1.385m 
Q' h Q h' 


Hence it looks like the largest fan (1.375 m) will be the only fit; it must run at about 500 rpm. Note that it will NOT be running at 
best efficiency. The power will be 


[nmi 1 D' : 
P' = (2) (2) P' = 5.67kW 
Ww D 


http://librosysolucionarios.net 


——— Problem 10.89 [4] 


Given: bind Rhenne A with | foot Sg u are test section, power d by fon 
btlas, Tennes "conta TAIO SLICES CACA Lor K 70ifz and a 
diffuser beter the test Section ana He C in. Q fan lake +. 


O) چ‎ | 
+ Static pressure rise 
E 
3 
a Horsepower 6 
E 52 
Frid! a) Blau lade and plat 3 ۹ 
2 3 a 
Ap erstes سل‎ $ E | 
e ور‎ 
(5) Estimate the Me 
Frid. x IM Lear din Speed , Bebe wi. 79.9 اد دو‎ 


Volume flow rate, Q (1000 cfm) 


Solution: Apply entra 


Ao (2) 
dent uq: 2 
k Computing equation: Es او‎ T e 27 $ hir ; ir JJ لړو‎ ¥ 
: 4 تو مات ک‎ hons: : (04 "Patry (2) a له په , 8 مه‎ f, (8) 30 د د‎ Lasses 10 Af حم‎ Screed 
2 2 d 
eee * a x 4 ther کد‎ +(2ksereen + Kacffz ser ) Y : [2 Ks ka +, E, 
i n 
| Prom Colima, MA, S VA 5 V? sa 1 رو د‎ on jA* HEATER 3 اوا بر‎ 
Fryn Fig Ê. 17, Kaa Ca (Ey -0 = IG - 0.70 = 0.197 
] i 
AP به‎ = 8 2542,14 ard anle. g 0:003] stu let د‎ rua? | E 
| il و سن‎ rink MOD 4“ As Sg: fF ui | : 
i -7 . E | : 
pr = z = 104 xm [atero] Bf, EE s Za وز‎ | 2 
The re اک‎ Ig Alt Áo Hj pfo fa ol ABOVE | Crnpuafted Values acc Tabu latest below. | | 
| THE sudden tut t1 opeca He where The fan cert ard Sys ter? cure وله‎ SS, | | 
| The approximate operahag point کا‎ R = 79490 cfm at h9 549 im. HO. | | 
i B 
| | 
| The test sechea Sued نل‎ | 
کال‎ ICI ma d | 
uh LÁ x FRI 123 ftls ۷ | 
n 1 


CCE A 


6551 9۱4 937 9351 ose| 124) 168) 220) 2781 343 
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i ~ TUE la 4 1 


Problem 10.90 [A] 


Given: Axial- flero fan and wind du nat! of Problem 10.89, 


Find: (a) Scale pertremance of fan که‎ H aries lora rating Speed . 
(b) Devetop and plot a ‘catbratan Curve "showing KEST ٨ 
flow Speed [misto) WEUS fan Spted (rpm). | 


The sealing jaws for VAY ING fan opted وواک‎ 7 A eu and p exu 


Thus Ahan x و‎ «Da LJ* Or (Qo co. The Vo (cerae flow rad, land the 
test Sechoa Flaw Spec d ) Should Vary directio with co. 


From the results of Problem 10.89, V= ize ئاځځ‎ tohea N= 18235 rom. 


Plotting : vee 


unn کن‎ RES 


Tes + lon 


Ste ho A 
Floud 

Seti d, V 
(ft /$) 


Vifels} = 0.0610 M ron) SL 


0 S00 /ooa iS0g 2000 
Fan Operating Sptéd, Al {rpm} 
The slope of the linear rélachans hip is = 0.00% Jf hs / ٣۰۱ 


Thus Viks) = 0.0607 A (eger) 
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Solution: From thé soluhoa h Problem 1089, Ahy,, pro VË 


— Problem 10.91 [3] 


Given: Experimental des? data for Qiero t engine fuel pmp: 


Fia mp supplies fuel at Pump Back Fuel Pump Back Fuel Pump Back Fuel 
= : > Speed Pressure Flow Speed Pressure Flow Speed Pressure Flow 
4S0 (50 psig fO ERC om) (psig) (pph*) (rpm) (psig) (pph) (rpm) (psig) (pph) 
f a7 
CORTOS 200 — 1810 200 1730 200 89 
4536 300 1810 4355 300 1750 453 250 73 


Eaa Pie Boe pe رت‎ (100%) 400 1810 (96%) 400 1735 (10%) 300 58.5 
a) Pot Curie 500 — 1790 s00 — 1720 350 — 45 
jore د سيا کم ئد‎ 900 1720 900 1635 400 0 


delivery ar the three 0 
| Cora Fart SpE .د‎ 

(b) Esharate The pump disp la cement volume per revo 7 | 
(y Cater lade, Valter ehr te efe ciet at cach pont, Sketch Wy, contours, 
(ds Evaluate energy loss هله‎ to thi وس )ېجو‎ af 100% Sed, »ام‎ de liver ey] 


* Fuel flow rate measured in pounds per hour (pph). 


1000 


Solution ; 
wast ALS YS Ba rpm 
i Back : 
de Pressure, 4355 repr 
P son 
(psig) wer USB ېروم‎ 
| Ó 


| 
i 

0 Soo مه‎ 1 “1500 2009 

: Fuel tlow Cabe, m (poh) 


For Hat pump, m =P, So Y En fna. Egg هم‎ tht. 4836 rpm case, 


o fo be ga! Ena LA (128 mi he - 1" T 
Ee BATES jes, rab rey” 7,48 gal es Kona Ó 22b 10% reo 
At constant Speed, Wet = Yasna! > E 04/67 ESTE Wy 


Yoeametrie — (mp ra) 
decreases as speed is reduced, ste below, 


i 
| 
Energy joss کا‎ Lu, = (me - - m.) p = (1810 — Ys zo) Horr) re | 


سف CIDADE‏ سردا 
é ar “6.8 nee jn. 3. ê gal‏ 
i / ۰٠ UM hc‏ 117 
Ar SED f+ lof “300 =‏ 
hy = 6.292 hp We‏ 
i5‏ د و مهوا عا امه ماو At 4S3 rpm, thé best‏ 

“Y ہے ,4525 × — بے‎ SIPPE SMe س‎ 0,0ug cat + 5% 

1e mlp =o) 453 1810 pph 45% L, OF Abou o 3v 


Ad 43855 rpm, 


Ny يم‎ Sida DN PRP LL M 094, e more than GF? bs (dbus 15 .طول‎ + i 
1919 peh "4355 PA کد‎ 
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Problem 10.92 [3] 


10.92 The propeller on an airboat used in the Florida Everglades 
moves air at the rate of 90 Ibm/s. When at rest, the speed of the 
slipstream behind the propeller is 90 mph at a location where 
the pressure is atmospheric. Calculate (a) the propeller diameter, 
(b) the thrust produced at rest, and (c) the thrust produced when 
the airboat is moving ahead at 30 mph if the mass flow rate 
through the propeller remains constant. 


< با لالا o‏ 


Given: Data on boat and propeller 


Find: 


Propeller diameter; Thrust at rest; Thrust at 30 mph 


Solution: 


S 0 " FEM z 
F=F+h=—(_ ۷ pd¥+ 82 Vive ام‎ - dA (4.26) 


Basic equation: a == 
: ot “CV 


Assumption: 1) Atmospheric pressure on CS 2) Horizontal 3) Steady w.r.t. the CV 4) Use velocities relative to CV 


lb 
= 90. 2™ is the mass flow rate 
5 


where m, 


The x-momentum isthen T — ur: )- موم‎ + U4-(™ate) = (Va - V1) Mrate rate 


It can be shown (see Example 10.13) that V= (Va + vı) 


: 1 
For the static case V4 = O-mph V4 = 90-mph so V= 7 (Va* V1) V = 45mph 
nD slu 
From continuity Miate = PVA = p-V.—— with p= 0.002377. 22 
ft 
4-m 
Hence D = E D = 4.76ft 
p-T-V 
For V1 =0 د‎ (¥4 ¬ V1) T = 3691bf 
1 
When in motion V4 = 30-mph and V= ¿Va + Vi) so VA 2V-Vi 


T = 123Ibf 


1 د‎ (V4 = Vi) 
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Hence for V, = 30 mph 


[3] 


Fy = 893N 


P = 111kW 


Problem 10.93 


10.93 An air boat in the Florida Everglades is powered by a pro- 
peller, with D = 1.5 m, driven at maximum speed, N = 1800 rpm, 
by a 125 kW engine. Estimate the maximum thrust produced by 
the propeller at (a) standstill and (b) V = 12.5 m/s. 


Given: Data on air boat and propeller 
Find: Thrust at rest; Thrust at 12.5 m/s 
Solution: 


Assume the aircraft propeller coefficients in Fi.g 10.40 are applicable to this propeller. 
At V = 0, J =0. Extrapolating from Fig. 10.40b Cp = 0.16 


rev kg 


We also have D=15m n = 1800rpm n = 30.— and p= 1.2253 
: m 

The thrust at standstill (J = 0) is found from Fy = 8٢ زار‎ (Note: n is in rev/s) 

m NA ; 
At a speed V = 12.5.— J= "T J = 0.278 and so from Fig. 10.40b Cp = 0.44 and 

5 n: 

: 2 4 3,5 

The thrust and power at this speed can be found Fr = Cpp -D Fr = 809N P = Cp-p-n’-D 
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(4.26) 


(4.56) 


Problem 10.94 


10.94 A jet-propelled aircraft traveling at 450 mph takes in 90 Ibm/s 
of air and discharges it at 1200 mph relative to the aircraft. Determine 
the propulsive efficiency (defined as the ratio of the useful work output 


to the mechanical energ y input to the fluid) of the aircraft. V l 
< 1 Á. EN 
I - => =N 


Given: Data on jet-propelled aircraft 

Find: Propulsive efficiency 

Solution: 

Basic equation: F= F, + Fp = Ld Vo. pd¥ + Í Vo. pV, ٨ 
ot Cv ٠ CS. *^ di 


: . : . 0 ۷ = > 
Q- W, z Wehear Wother = E e pd¥ 1٢ + pout m + e) | dA 


Assumption: 1) Atmospheric pressure on CS 2) Horizontal 3) Steady w.r.t. the CV 4) Use velocities relative to CV 


The x-momentum is then -Fp = ur: (Mate) + ug: (Mrate) =( U)-( Mate) + ( V) (Pirate) 
]bm, 
or ED = Mate (V = U) where mre = ND is the mass flow rate 
The useful work is then Fp:U = Mate (V = U)-U 


2 2 
The energy equation simplifies to -W = Cir t jas - 


mrae(V > U)’ U 2.(y -U).U 2 
Hence n = ———— = —————— 


Prate (42 1 v) (y? - u?) 142 
2 


With U = 450-mph and V = 1200-mph n = س‎ n = 54.5% 
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Problem 10.95 [4] 
Given ; Ship dras dota (Figs. 2.2 and 13) and له‎ ۱۸ (Problem 9.89; }, 


Feefor mance chacras Henishes pf /17 مة‎ 6 pro pe (ler (Fig . 10-490), 
Propeller opere ges at MAK nen fac leng htn Ship skars 
at maximem geid, V» وا 7ګ‎ ۰ 


Find: Caleu late 53€ , operathng Sptld, and Power pet er a sing ما‎ 
propeller To propel this vessel, 


Solution : From Problem 9.89, L* 404 fF And A = 19,500 fr} At Max ITIL 


` Speed, 
= 97.6 nm, عا( فا‎ ha he de 
V p2 x Z aaz 7 6BS f ls 


Tht Froude number i£ 


NES 63.5 fe, E : 
Fr Gi JE E 0.655 


¡de . de ED 
Frorn- Fig tty C 0064 The definrhaa د‎ Qy* اوه‎ 
od i 11022) 114 s/ E MS e 
Fo = A feve j devi x LOZE) EE (63. SPE ale lot ffr 


Fp = ۵.005 17,800 fF", Yolo lbf يي‎ Yez, ooo bf 
ee 


From Fag. 0,49 (a), the AO AOA effici nem i5 07 0,67 at 720.885, Then 


nD کے ا‎ gcn £r is (^) 
Since Cp =0.1 LE Nord IL Mr : 
D y z] = [422,000 lof, CREST IE "UNE = ser. = 8.6 f£ D | 
From لک‎ 
7 


n= 2D a TAIE p os revis (241 rom) 


S fk r——M—Á «CÓ 


La 


i 


The I کا‎ power ام ونا‎ be 


Pa = Pot. Foy _ 422,000 lbf, b3. S ft LL = 72,200 hp 
Ln E XO S55 ft bf 
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Problem 10.96 [4] 


10.96 The propulsive efficiency, y, of a propeller is defined as Vi V.=V3=V 
the ratio of the useful work produced to the mechanical energy سم‎ 00 Va 
input to the fluid. Determine the propulsive efficiency of the mov- 3 qs Sa 
ing airboat of Problem 10.92. What would be the efficiency if the 2 2h | > I 
boat were not moving? —>l x I 

o Sew | 
Given: Definition of propulsion efficiency n 
Find: y for moving and stationary boat 
Solution: 


Assumption: 1) Atmospheric pressure on CS 2) Horizontal 3) Steady w.r.t. the CV 4) Use velocities relative to CV 
The x-momentum (Example 10.3): T = ug: (Mate) + U4-(™ate) = Mate’ (V4 = vı) 


Applying the energy equation to steady, incompressible, uniform flow through the moving CV gives the minimum power input requiremen 


2 2 
Va Vy 


On the other hand, useful work is done at the rate of 


Puseful = V1 T = V1 rate (V4 vı) 
> ! دی‎ (V4 i Vi) Vi(Va 5 V1) 
Combining these expressions || = crt eum —— 
۷ 2 ۷ 2 1 
ال شا که‎ 74 Va) (Va + Vi) 
rate! > 2 
2-V4 
or n= 
V4 * V4 
2-۷7 
When in motion V4 = 30-mph and V4 = 90-mph = n = 50% 
V4 + V4 
2-۷7 
For the stationary case V4 = 0:mph n= ———— 1 = 0% 
V1+ V4 


http://librosysolucionarios.net 


Problem 7 [4] 


Given: Prope Her Ar Gossamer Conder human-powtred Ct rath as 
Dz i2 tt and rofa es at N=/07 rpm. 


Addihonal mfr mathon 0n Fhe aireratt 11 Probier 9.170; 


W 77200 br, WA پا نه‎ etl £e ac 21, Fur = 5,39 hp, 5 ه‎ e bf at va lZ mph 


Find: Eshmate the dimension less enfer m e. ace, یل دښهامهی/ه حا‎ and 
Efficiency OF this propeller at crease Conditions. 


Solution: From the Soluhean to Problem 9170) minima Pouer to 
propel the aircraft occurs ar V = 10.7 mph (f.0 #۸ 13), 
ASsstume this 13 the, Creuse Conci thon. 
From The guita dota, ar ۱١ mpi (02.6 FHS) , Fox & ibt 
t z 2 z 
ZOM? = Ly 60008 sia (PF) e ye و۷‎ - 
Ze $x g BE سيو‎ = 0.507 ۸ 


FL w WA 
C = 5 —— A ua "E. let ihr Z 1.08 
وسو‎ ‘fA 7 0,369 lot ther 


C =O FR < op & bf = 2 م‎ 
D -K و‎ EE 0.0324 


5 4.08) 
loo = lp “épé = Cp = * OS = TÉ, 77 a 0.2 یاه‎ 
Ab V = ۱077 mph Ueo fis) , " = 0.305 bf]fe* 
* 
Coe ML LIB DUF, fen Ea 
1" X a 75555 Ai ° a * 001 


Co = Dot Qe «9.006 40.0321 9.0 7( Fp =F, zolo ?: O47 LSL ibs 
کر‎ 


For the prope ler, 


Va Y z looft 


= a? 
nD c3 سو‎ ^ EB 0,48 
FE „S? lb 
Ce DV = 6. S2 او‎ #3 < "E کب‎ = bowie 
ent p" ) rum (8 ge (12.0) ۷م‎ "y ¡ge f 


Assumt. û Zo percent reserve tar climbing and MANAS. Then MA =0. 


y= Poest oe — fn OSS let, ا‎ “fx hes 0 - 0077 
۶ Pr 07) 0.39 hp loa) P. hp A—- Y 
Finally, ومو‎ = Nd Bh > dete hp * GUT i T= E. a ۰/۶ 


P z ٢وي پر‎ usd x( ge / atlag جار‎ = 00 ٧ 
T کو"م‎ “$.00236 Shag. E) xn NR 0006 | Cr 


lo i le = 0.00642, لس‎ = $. 003b | ce 


8 ° http Ne tec et 


4 
^ 
Narronal 


Problem 10.98 [5] 


Given ; Eguahons tur First, power, and eff ice aa, of Prop u tte 
devices derived ia Section 10-5. ~ 


= 
Find: (a) Show that try constant thrust, na i 
۶) i+ a vu) 


(6) Interpret physically . 


Solution: Apply ٧-۵ forms of momentem and energy to CV of Fig .10. 38: 


Computing éguahons! 


pee — 2 
Continvetty m =p [(V+ DD ES bun iss کو هه‎ | 
سا‎ AA O IE 
(10.28) سا‎ Ga ae 
e 
ev) (10.24) ` ele = 


Energy On =mvav(ie4 


Momentum Fr = m av 


Assumpho ns! (1) Steady Yiou ر‎ (2) Incompressible How, B) Un eee flew, 
(4) OR LE flow 


ux ‘ 1‏ ته 
Propulsion etticiónes 15 Ng a Mur, EI VO‏ 

Ba Va I+ 2 mvav(ir SY) zy‏ اد اا 
Fr omae be tor Hen using £o mine Cg AS‏ 


“Ue A)A 


Fr = mv ~ p(V+ $9) وف‎ = zo EP" RN) مهم‎ 


AV 
where A= zy Far Constant Fr, 
Fr | 
z -es - 
n 


PARE via The ee equation , and Chos ig the Positive noot 


ML 
A= یا وار و‎ ae 


Frum EG. f, Te" T 7 ; F zt a پڪ‎ Np 
$ =D Mg» ٨1 ۳ 
y" 


The rahe, Fr / 2*, مهم‎ be ٣٣۴۳ ۳٣ dl as the disk loading: the Arece 


deve bped per unit area. of the Acta Tr disk. Mo Ny لح‎ as TD” 
37 


Increases, 
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Lia RE 


E SQUARE 
à $ UAE 


اسا لسا 


E 
A 
MAA 


Problem 10.99 [2]‏ سا 


Given: Prehminary Calcula teas for a hydroelectric power gentrahen 
Site Show a ntt head, H = 2380 4, js available at water How 
rate, Q = 7S 43 ls, 


Find: Compare the gomet and effect ncy of PeHon wheels designed 
7n run at (A) 4S5 rom and lb) 600 ram. 


Solution: App y specife soed eguahon 7» Class fg ۵ 0۰م‎ 


. j Es M d ^ : 
" Computing equation : Msn CBE (rpm , hp, and fr HANS) 
San Fom Fig. /D. [?, Pmax 20.89 ar Ns rS The diet pur powt fused to l 
ts define Nose) Is 
5 P = ASH = 8.84 62.4 bé 25 ع مدا ړم‎ f 
E Dat = x io ره لل 7۳ 280 „ لا‎ 
99] nz ټی‎ s Sen Felt ٢ d 


At لم‎ 450 ^om 


L 
Ale, = 950 rpm Un, gba hp De دپ‎ 


leal , S07) % 0.8£ 
^^ —— (es 


Neg ect nozah losses and elevahon Above the taitrace. Then 


L 
Vi نه‎ yzgH = د یچک‎ x 2350 e| “> 389 fels 


From Fig. 10.10, U = Rs 20.47 V; = BAIS, Thus 


D= R= 2(01Vi) م‎ 2 8H م 3,33 4 ګل‎ 
"m 5 97.) rad 
The yet diameter 15 fitend trom AV; A; = 7 ۷ DS / 4 , 0 
1 
D; 2] 18. - WHF s t * 4s 
2) En rp تل ننس چو‎ 0.498 f+ (Sas in.) 
The rato oF vet diameter to hte! dame ter i 


= 0.0637 or 1:157 (this د‎ reasonable) 


D mA 
Resutts from Sintec computañení AF کله‎ 608 {Pre are: 


N Als gu D 2/0 7 
(rem) (usis) (fr) (---) ' 

485p 3.67 7,773 ۸/١7 ۸:718 

bod 4,29 5,93 brane 0.39 


The tm? وو ههه‎ at loo rpm 5 closer ما‎ N32 S, there peak hydrous; 
۵76 ۵۸ یرل‎ IS expected, 
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Problem 10.100 [2] 


10.100 Conditions at the inlet to the nozzle of a Pelton wheel 

are p = 700 psig and V = 15 mph. The jet diameter is d = 7.5 in. Vi 
and the nozzle loss coefficient is Kpozzie = 0.04. The wheel diam- چوس‎ 
eter دز‎ D=8 ft. At this operating condition, y = 0.86. Calculate چچسي‎ 
(a) the power output, (b) the normal operating speed, (c) the 

approximate runaway speed, (d) the torque at normal operating 

speed, and (e) the approximate torque at zero speed. 


Given: Pelton turbine 
Find: 1) Power 2) Operating speed 3) Runaway speed 4) Torque 5) Torque at zero speed 
Solution: 


2 
2 
د‎ Y نت‎ Y hir 
Basic equations — دن‎ — +2 D ul. qd ext hyp = و‎ him = 2 


and from Example 10.5 Tidea] = ون‎ Vj - U).(1 - cos(0)) 0 - 56 


Assumptions: 1) pj = pam 2) Incompressible flow 3) a at 1 and j is approximately 1 4) Only minor loss at nozzle 5) z4 = zj 


ft 


Given data Pig = 700: psi Vi = 15mph V4 = 22— n = 86-% 
5 
D 1 
d = 7.5-in D = 8ft Ro K = 004 p= 194 
2 3 
ft 
2 2 2 
p ۷ V; ۷ 
Then يا کا و‎ ٢) o V= y =3172 
and v.d ft? P1 vi 
gey Q=972— H=—2+— H = 1622ft 
l 4 s pg 2g 
Hence P = P-Q gH P = 15392hp 
: : ; ft U rad 
From Fig. 10.10, normal operating speed is around U = 047. Vj U = 149— Ww = A w = 37.2 — w = 356rpm 
5 5 
U 
run rad 
At runaway Uni M Wun = TH Wrun = icm. Wrun = 756rpm 
(2) 
5 
From Example10.5 Tidea] = PQR (Vj = Ua — cos(0)) Tideal = 2.49 x 10 ft-lbf 
Hence T = 1:Tideal T = 2.14 x 10° ft-Ibf 
5 
Stall occurs when U =0 Ttall = TP QRV (1 — cos(0)) Taj = 4-04 x 10 ft-lbf 
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Problem 10.101 opens 


Givens Francis (reaction) turbines At Niagara Falls: 
D= 76 in., P =z, SDD hp, M + 107 ram, 7) > 0.938, H > Zid ft (net) 


Feastoctk has L= 130044; Hoey = 2.8% Haross | 


Find}! (A) Calculate specific Speed. â "کت رارق‎ 0 
(b) Evaluate volume flow fate. fee coe. AAA | 
(t) Eshmate غا ۸5م‎ Sige. L ۶300 f+ — ÀJ] | 
: ¿ 
Solution: Ns, چم‎ Het = 107 cam (72,503 hp)? = 35. | Ns 
7707 Ct& HE (214 4) 
Efficiency Ss 75 as 2 = agn, So 
دې‎ | ft 
mU. aes 72,58۵ bp تت‎ y ل‎ × S80 ے ۴ا‎ 2)gpo fr? [s 
8 2eg H 5.9728 a o ibe * 214 fe hp +s P > 
* a E VE 
Apply the definition of head loss | her = Hep = *5 Y 


Hp 5 Hans, 5 Hnet = 0.176 Haet = 0,705214 fe = 37.9 FP 


0.88 
SGT. OC DE A Ae We Web ree 
dE Gaye papa ? 7 Dz D سنوي پور‎ 


bolag ; (Assume Ta 50°F) 


D =| وس‎ T 
Tu AR o | 
This Sur Ses: کر‎ very large, 0 te ts Aira tt to estimarse f. Assuming 
Contre jene peénslocks, € * 7 fr (Table f1). Start with f 70.0] to get 
by decades (see below), 


D 22b E دد‎ | 
; f 

The flow properthes art 
V Sb (see y KO LIE xiot, and د چا‎ Bore? 


Fieve is ta the fuite, meagh 64 u1 Py €) م‎ 0:01 lar g = J.00037, 


Using ES DOT Gives. DEZ] f, دک‎ dM 2-28 fr D | 
aM EM — ————— aaa 

The reradions are: Assumed Calculated 

D (ft) V (ft/s) He fo pos f D (it) 

0.01 24.5 

24.5 67.5 1,18E+08 0.0160 7.91 0.0160 26.9 

26.9 56.0 1,08E+08 0.0157 7.99 0.0156 26.8 

26.80 56.4  1.08E«08 0.0157 7.99 0.0157 26.77 

26.77 56.5 8 0.0157 7.99 0.0157 26.77 

0.02 28.1 
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Problem 10.102 [2] 


Gwen; Francis turbine Units (4,10, هغه‎ 21 at Grana Coulee Dam. 
Rad cond ons: JA = 716 , ده‎ hp, ےا غه یار‎ Pn, H 2817 fF, 720.940 
Tub ints opiate nea 220 < H< SEO Aa, 


Find: (a) Calculate specifi Speed at rated conditions. 
(6) FSAmate maximum water Flu rare through tash Yu eiat. 


Soluta t Apply ما موک ۸# ال‎ Spread ano CFE cientes. 
rn petin equations: 


TPAS o rem (820,000 ho)? 


T CU = 55.3 


"f$" iJ 
So & IS maximum ar mn umen has, ASLAG NATS, the 


Q LB hp, HF ESO ۶ پاج ے‎ Loo 9/5 


pas” IET hp Ges) 


Ta Is an eshoiate b ecu st may not e Oas Paat, Mar max 
H be possible to deve op Tull power at A سه‎ Uo Fr. 
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Ed 


ونو ولا 


Given: Mela SLeyed dato. for reaction دو امه‎ ar Shasta Dam, Fig. 10.13, | 
Cae h Harbe / raded Gt (2 = 10.5, 000 hp ar Aj = BEL ron, under | 

a net head of H = 38a ft. ۰ 

Find; (a.} Spec fre speed at rated لح‎ | 
(p) Shar? Tague Af ported tondi honl, ; 

(6) Calculate the water Flow rate per tiuvbine [eded T produce ۰ 
roted output power; Olot versus ecd . 
Solution: Apply the defin tras OF Specific Speed ana € ff icine , UE j 
Sata Yr Fig., 10.13: | 

20 6 equations: Ns = A ES y > Pp Um 19 : 
€ HE Cas H : 

1 : | 

H Pratt Co 14/7075 ز‎ Nig = (32.6 rom (0300a hp (۴ ے‎ 26.5 Me | 


fre lot _ ae‏ 852 واا 
raa jae m 3,31 KOC fe de l‏ اا 
Find & free definition of 4 at fated toadihens 7 x 0.42 (Fig, 10.13) :‏ 


Problem 10.103 


r= & رو‎ ho, $ 


i fg i 2 
ېي لي ريه ته‎ x 103,909 hp ft l ESO f.i 257o PFs 
2037 443 “62.4 IDE SED Fr Apis ې‎ / 
7254 له وله‎ caltuiahons i 
H pp 7 a 
qa (hp) ev (etis 
| 238 * - = * cannot Practica 
220 ¥ س‎ E farted Pater af 
330 103,009 0.86 3200 this head 
43o 103,999 4.90 2250 
ans 103,000 6.871 1200 
Plotting ‘ des 
P = 103,000 hp 
3009 Nz 138.6 89 
Vo اس و‎ 
Flew 
2200 
Kote, 
A £606 
زی هښ‎ 
2466.۳ 
2200 
300 35 4025 C Oh Soo 


Met Heads H Cf) 
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Problem 10.104 
Given: Dada. i5 Fg. 10.1 tor Felton weet in PORE Tiger Creek plank, 
Rating is Pr 3b,000 hp a+ N= ELS rpm under H = 1190 £e (ner) 
Assume tasonalbile flow angles and nozate (ess tortricent. 
(A) Determine Mhr diameter. 


G) Estimate yet diameter, 
(c) Compete volume flow rate of water, 


Solution: Fram Bernoulli, the idea. yet ve locrhy نه‎ ٧٤۸-0 be V; ee 


Assen mg Er 0-92 (4 percent joss in 33l), then 
Vj دو‎ Ww re zgH = د اښ‎ Lion] n 201 js 
From Fig 10.10, U * Rw = 0.47 V, at optimum condrhons , Then 


a 10,8 fe 


D= 22 = ZONTV, 20.94, 23, f 

| io $7 "s, red 

From Fig, Hull, 7)* O86 at full load. Thus 
"o 

a ee 


Qa ra 34,000 ha, da 590 اطا‎ BO 
086 و‎ er era hors TENE 


2 
: و‎ VA; = V; zb 


i E 
D: =- za js sof 5 JE 
Y Fv, در دن‎ Am. n elm COTON 


Abe DID = 1/02 د‎ 73 (11843). 
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Problem 10.105 [3] 


10.105 An impulse turbine is to develop 15 MW from a single 
wheel at a location where the net head is 350 m. Determine the ap- 
propriate speed, wheel diameter, and jet diameter for single- and 
multiple-jet operation. Compare with a double-overhung wheel in- 
stallation. Estimate the required water consumption. 


Given: Impulse turbine requirements 
Find: 1) Operating speed 2) Wheel diameter 4) Jet diameter 5) Compare to multiple-jet and double-overhung 
Solution: 1 
2 
Basic equations: V.=/2-¢H Ns = = N= : Q = V..A 
j S 15 p-Q-8H JJ 
p 2 h 4 
Model as optimum. This means. from Fig. 10.10 U = 0.47-V; and from Fig. 10.17 Ng, = 5 with n = 94 
: : slug 
Given or available data H = 350m P = 15-MW p= 194 
ft 
m m 
Then M =y4y2g H Vj = 82.9 — U = 047. Vj U = 38.9— 
5 5 
Nscu 
We need to convert from Ns, (from Fig. 10.17) to Ns (see discussion after Eq. 10.18b). Ns = TET No = 0.115 
43.4 
3 
رو کد‎ P m 
The water consumption is Q = Q = 4.91— 
n:p:g:H 5 
1 5 
2 4 
.(s-H 4 
For a single jet w= Nol eH) (1) w = 236rpm D; = 2 (2) D; = 0.275m 
P 2 
e 2-10 
The wheel radius is D = — (3) D = 3.16m 
w 
For multiple (n) jets, we use the power and flow per jet 
From Eq 1 w = w-/n From Eq. 2 Di, == and D, = — from Eq. 3 
n jn JE n 7 
Results: 
n= Ww, (1) = Dip (ص)‎ = D,@) = 
1 236| ‘Pm 0.275)™ 3.16۳ 
2 333 0.194 2.23 
3 408 0.159 1.82 
4 471 0.137 1.58 
5 527 0.123 1.41 


A double-hung wheel is equivalent to having a single wheel with two jets 
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Problem 6 [2] 


10.106 Tests of a model impulse turbine under a net head of 20 
m produced the following results: 


Wheel Speed No-Load Discharge Net Brake Scale 
(rpm) (m/hr) Reading (N) (R =2 m) 
300 10 33 72 107 140 194 2 
325 114 29 63 9% 124 175 213 
Discharge (m"/hr) 44 86 124 157 211 25 


Calculate and plot the machine power output and efficiency versus 
water flow rate. 


Given: Data on impulse turbine 
Find: Plot of power and efficiency curves 
Solution: 
: : P 
Basic equations: T=FR P = w-T n- 
p-Q-gH 
- 25 m NOTE: Earlier printings had H incorrectly as 20 m, which gives efficiencies > 100% 


325 X E 


ED See REE 
٢ 86۴ | 72 | 124 | 45 [720%] [ss | 63 | 126-1227 7 
[ 1 | 96 | 192 | $53 9 


Turbine Performance Curves 
16 ¬ + 10096 
E 7 (300 rpm) _3 F 90% 
+ 80% 
12 4 
7 (325 rpm) — + 70% 
= 10 - 9 (300 rpm) + 60% 
z Q 
e$ 84 +50% © 
S 3 (325 rpm) = 
dl + 40% 
+ 30% 
4 8 
+ 20% 
7 + 10% 
0 T T T T T 0% 
0 50 100 150 200 250 300 
Q (m°/hr) 
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| 0 i | 
Problem 10.107 [4] 


Given: Definihen of Speci fre apes far A hydraulic ور‎ iA US, Cad : 


Ni Nérpm) (OC "E 
Cu Eh (t+)]% 


Impulse dubiae : M وو با»‎ rgra H = 1190 Fe, E 0.86, with D >é i^. 


Find : (a) Deve lop a conversion Erre NBS eu fo a chnwnsunitss Ms 
iA SI tacts. | 
(b) Evajuat Ns of Husbine in Ud. and SE. acts, 
(c) Estimate TAG wheel diameter. 


Solution: Apply definihoas pe eci Speed ane efficiency . 


XR ND . 8 awe” 
lomnputing eguatoas: Us > HER 7) = Pag H Ns م‎ 


2 
From dimtasiona | analysis, recall that for pumps, Ns = MO JS 
dimensontess only when H is expressed as GH, entgy 
per uar mass. Thus the dint asong art 
NAA ¿nt 3A 
MUS ai E LPS 
Na» [os] - F (E 17 oa ME NAM 


Jo farra the Ng پس‎ turbines, Q mest te multiplied by وم‎ to ٢ 
btan Power. Thus for turbines, the Amension less Spec 1f ¢ soced s 


[Ne]= ys : (pel A _ Lf FL تر‎ Mili 
(guy (pg)? pr یو‎ TOR To E) (an ij. porary cen Y 
Thé simplest way to convent it To evedua de each ےد‎ ed, 
Then Fake the rato. 


kS 


The yet speed wilt be approumately Y, سست‎ -| a. if رو‎ = 27% Is 
A = Y, TD, a 277 ; + 

nd OV, F e EL x 54y Aa js. Pas 

P=7283H = 0,6, pzu Ie dM AZ, 190 fr, OS = 6320 PP (4,7; Mw) 
For the whee! Uas uj * Roo ; R= د )ل3‎ D= bzo t 


In us. units, Ng > Gon rem (kszo hp JE _ 
(1140 4) 


la SI, BAHS, ig = 4.9 rad/s: and gH = 3560 m*/s*, so 


c7! 
E^ 1: 41.9 rend f t A 
= E La ms s ۴۶۴ 
e^ (gm) E سو‎ yes د‎ ind 
: = : = 3,85 
Ms 0.408 
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5 SQUARE 
5 5 SQUARE 


H 5 SQUARE 


Var 


tr 
vi 


1 404 
2 19005 
206 


gies 


Problem 8 [3] 


Given: Published data tur FGgE Tiger Creek Poser Plank: 
Haross = 1219 fe, Q = 750 ft3js, P = 58 MW (rating is صا‎ MW) 


Plank is claimed To Product 468 ku ho facen fe oF tater 
and 33L.4 x 10% kw hrlyr of operation: 


Find: (a) Eshmate ThE MEF head at the Site, the turbine Swett له مد‎ 
and the turbine fF Cê ney , | 
(b) Comment on the internal Consistency Of ل٨‎ Published data, 


Solution: App iy definii10Ax of soci hi Speed and efficiency. 


Comput ing .د وص په‎ Ns = E e 7) * P 
cu Hh (07 H aer 


Use +he operating point h éshmate ner head. Prem Pig , 10,11, ASSUME 
7) -5.31: 


Hoet لے ته‎ 58 ×0 Y 3 ې‎ x 00, PP SSO Fe bf ے‎ iroso ++ 


H‏ سل 
a‏ ای a “O87 EUR SOF Wie Ww‏ 


Thus 
Haet | Heros 2 1059 ر//‎ = 0.361 pr fh, | percent Reasonable) 


The specitre Seed hele be Ag 2 Z. Chéchk ing, 


Cost)” 97‏ ول" 
hp) ">‏ 77,700( 

This is to loco, 5o Phe Plank must have Several hernies Reducing A h 

the output per turbine wauld raise N, 


Chetek, data, Consistency : 
58 يا ه ول«‎ 24 h^ (Sir day ړ‎ 8 xo? کي( میا‎ Both, Values are “So 
yr higher Man quo ted. 
Go x ı0 لما‎ = Sl x tob KW hrf کي‎ 


SEXE wt, ک‎ he BAR _ gag ۲۸م‎ fact de 
750 442 Bom s act fe Exes tient 


agreement 
box ا‎ lu = 9.9 KWihr facon t 
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E 
m d 
Marinas 


Problem 10.109 [4] 


10.109 Design the piping system to supply a water turbine from 
a mountain reservoir. The reservoir surface is 1000 ft above the 
turbine site. The turbine efficiency is 80 percent, and it must 
produce 35 hp of mechanical power. Define the minimum 
standard-size pipe required to supply water to the turbine and the 
required volume flow rate of water. Discuss the effects of turbine 
efficiency, pipe roughness, and installing a diffuser at the turbine 
exit on the performance of the installation. 


Given: Hydraulic turbine site 
Find: Minimum pipe size; Fow rate; Discuss 
Solution: 
2 
h LV — Az 
Basic equations: H-—- Pos and also, from Example 10.15 the optimum is when H = a 
E 48 
As in Fig. 10.41 we assume L = 2-Az and f = 0.02 
Then, for a given pipe diameter D V= = 
f-L 34 
D? v? 
y T- d 1 
Also Q=V m Ph = (qu Pa - "Py 
f= 0.02 
p= 194 slug/ft 
R= 200 m 
n= 80% 


Turbine efficiency varies with specific speed (Fig. 10.17). 

Pipe roughness appears to the 1/2 power, so has a secondary effect. 
A 20% error in f leads to a 10% change in water speed 

and 30% change in power. 

A Pelton wheel is an impulse turbine that does not flow full of water; 
it directs the stream with open buckets. 

A diffuser could not be used with this system. 


43.75 | 0 Use Goal Seek or Solver to vary D to make Pm 35 hp! 


The smallest standard size is 16 in. 


Power Versus Pipe Diameter 


Pm (hp) 
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Problem 10.110 [2] 


Gwen: NÀSA- DOE wind turbine generator at Pham Brook, Chio. 


Tivo blades, D 38 m; delwers P «۱ ku) whea V 23 kra fhr 
operating ar 4O rpm, With powertrain tMieceacy , 7) = DTS, 


Fined: r the maximum Power condihen, Estimar the pirr HA speed 
Gnd power رڅ دت‎ 


, ۱ | e 
+ ' = e = luk مساب‎ 
Cornpe Ng equations Pe را‎ pd /v G igvinet 


At Neto rpm, 
loz ۷٧ لف‎ ar rad min 
min rev ° bas 
D z 14 Est, BE, m ou 4.0 mis 


= 4.47 rad Is 


Vx 24 m. x (000 na a Fob mis 


X = V/V = 79.6/? ob = 23.32 


(Obvious ly X decrees As wind speed goes ef.) 


p ې‎ =L y 00 kt 


2 3 

Levi rk و اف د‎ gp (E) STA BbS kid 
* Egma Aim 

tp > (BB kW 

ree Bas kid‏ ام سل 
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Solution: Apply detin mens 


HEETS 5 SQUARE 
5 SQUARE 


1 50 SHEETS 5 SQUARE 
100 5 


2 
-38% 200 SHEETS. 
MMPES 


ډور 


pt 


Problem 10.111 
Given! Small hydraulie impulse herbine installation aS shown. 


Reservoir surface 0 


H= 300 ++ 
L 2/000 ېم‎ (ux mea Segi) lr 


Dato TNR d; = Zim : : es 
Kent = تت د‎ 4 f " Turbine wheel 
Kaoxsic. 1 : : : | meat M 


Vr 


(a) Find V, Ay Q, Anc 17 
(6) FF A vs, di to Lid OPH rice ay. 
(c) Thea explore effects DÉ varying loss corfricients Gad pi pe د هه‎ hacss 


Solution: Apply the energy €g ود‎ ter sady, ۶/٤ iok pipe flow. 
RDCL) 


Computing equa hoa: he eg مي‎ * f£ د يم‎ - her HG رر‎ ٢۳٢ 


ASslemphons! Pu f "hatm, (2) V, 0, x2 1, (3) iy =D, (4) Knzssie based ده‎ U* 


mode 


E 4 


it 
eR 


os 


Fram conf و‎ = VA * Aly , مک‎ Vs Y, Ala = v j Vo = d and 


i 
مو‎ m و‎ J | i 


a x s ANM —] 


Assteme, e * 0.00015 //)7 26/٣ 8.1 ),So € /p =0.0008, Prya Fig 8.13, 10 The fully rough 
aone, FELUS, Then fore a= 2 m. 


1 


Y > [232.5 x فد‎ AE $ = 17 ftsec 
5 (0,015 RER , 9163 ap 44.09 


(V 713.0 falo y 6 «7 VD/D = pg x 10%, Sa f 24.010, lohich maltes Vi x Ne ft /s.) 


The yer ماو ځ‎ reek is Qe VA pez EY Yet a 253 7/2, and tne yer 


Pewee 15 l 
f, RW x $x / با‎ Seg, (ey E Q4 S3 413. 4 lees? d hg. E = (0.0 hp 
Tas? S “slug: fr OSSA . 
Kepeahng these en lec fafiens Losing A Computern LOG reer glues! 
bf " 
Fea te pe tuee, Y, سی‎ 3 ho, 
Jet Go OCCLACA far 2.15 ed 2.20 A. 
bits, " 
P 59 LOSS COE ff rents Acuk A 
" ۴ i 
(hp) meinor effect, Making both 
5g Kear and Kp, gen inereases E 
by UP م٨۰‎ 
57 : 
20 . Z2 2.4 Pipe roughness Cases lager 
Jet Diameter, dj lin.) Chew 943 } E IN 12.2 


Derceryr ion -0 (Se0kh). 
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Problem 10.112 [2] 


10.112 A model of an American multiblade farm windmill is to 
be built for display. The model, with D = 1 m, is to develop full 
power at V — 10 m/s wind speed. Calculate the angular speed of 
the model for optimum power generation. Estimate the power 


output. 
Given: Model of farm windmill 
Find: Angular speed for optimum power; Power output 
Solution: 
-R k 
Basic equations: Cp = ل‎ _ X = a and we have p= 1225.55 
2 
Í D 
From Fig. 10.45 Cpmax = 3 at X = 08 and D=1m R= > R = 0.5m 
X- 
Hence, for v = 102 w = = w= 15d w = 153rpm 
5 R 5 
۸ B 1 3 2 24 
SO P= Cpmax 3 PV TR P = 144W 
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Problem 10.113 [3] 


Given? Typical American mu Ih blade farm windmill, D 77 fe designed to 
produce maximum power / winds with V * IS mph, 


Pd: EShmate the rate of waster den Very, ته‎ a funcion of the height E 
د سیا‎ the water is pumped, for this Windmill, 


Solution: Assume the efficit nes trends shown jn Fig. 10.48. 


Computing equations: Cp = Soya TR X= wey ٣7 "NR 


From Fig. 0.45, Cp max% 0.3 at X 20.2, V * کا‎ mph (22.0 f-/s9 . , Then 
Thé power developed is 


e = Ey 0.3, 0.00238 glug (ze oP pra × اا‎ bfas” ] hos. n 3 a asis La 
: e Teg ‘fF که‎ bf | 


Conver ting His mechanical power to Pumping glues hydra bic Power as 
65 « رګ * وم‎ 


Thes Qh az د ,9:7 = سا‎ hp, 2 ig x $52 fer lof , 748 Gal tos 


GZ 4 | Ae +s {F3 Min 


Qh = 737 9pm A 


A varies inversely with the distance lied, jh. The volume flow rate 


Azuay dehvered would be less, due to Suction lift, pipe Wiehon, and 
minor fosses. 
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Problem 4 [2] 


Gwen: Largest 8 Darrieus vertical = CXS wind turbine beste by 
DoE rear Sandia, Nao Mexico, IS bo ft edt and 3o fF diameter: 
the nm swept ara lí په ھ‎ 1200 fiv 


Fire : Eshmate Th Mid xX HLA power مډ‎ Wind mil! can produce ın 
A wind with Vz 20 mph( 24.3 4 دا‎ 


e 


lo کس گم‎ a WR 
# FEVE Ri X * c RV 


Computing equations : 


From Fig. 10.45, Cpmax % 034 at X 25.3. Use Scot arca. - place of ٤ 


f e + x O34, 0,00738 Sug, (za. nf. i200 AP Le c x 22.2 hp 
Ha "Shag A Fr * FED fr. ibé 


To generate maximum power, the tuindmi lt must raze at 


ty XY. 5.3, و‎ 2 = 0.4 rais — (49,4 rpm) 
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Solution: Assume the ethene trends Shown in Fig 10.45, 


4 

=a 
^ 

TATIANA 


i 1 - 


[5] Part 1/3 


| 


: 


| 
| 
| 


rotor’, 


i 
H 
i 
i 
i 
i 
i 


Problem 10.115 


Given: Section. lift Gnd drag coe fere nf. data. fur a NACA 227 section, 


tested at Re * Gxioo luith standard rough اک‎ 


Angle of attack, œ ideg) ©0 2 4 6 8 10 i2 


Lift coefficient, C; (—) e 0 0.23 045 0.68 082 094 2 
Drag coefficient, Cp (—) 00098 9.0100 0.0119 — 0.0147 — 0.0194 مي‎ => 


Find: (&) Analyze aic flew ne iati toa blade element mo Dacrittes 


(b دوس ع‎ ing a Hamecicat model fr a blade element, 


(e) )کاله‎ The power )۴هت‎ ۸۴ as a furehan of Tip speed redo, 


(d) Compare with the trend shown in Fig. 10.48, 


Solution: CO ASI SEC plan ۷۵۷٧ل‎ ot rotor element, Abro luft. vala cıhê $ ¢ 


: y : : xe TTR OR 
Compicting egua tias: Foe C SOWA, V. > relative yo M | 
Vf loz ity / N 
Fh = Cy toy A, Apr ۳م ۵ام‎ | Paf te 
D D SENF p OP +e | 
^ As Sunt fa f \ / 
Cp E 21 1 ۷ Lund X / 
3€V^As Vê lec they Mo P 
Ftsolve to rekative Velocity, for positon Shown: icd 
— وس‎ mt tS — 
Vass = سم‎ + Viet à Vu = Vans 7 په سک‎ + 
E 
Tb Co qiue Vej, resolve mito Lomponents NS 
clone lA) and fygtvene ley to The 04-7۴۵۰ Chord: | 
سے‎ Ê a 
ret a, = to Er Ue Cos ih — esse Vu) 
TN: 


Vrz je = Vir Seed Ge 


Veep = E + Vut] 


A = tan [Vane Nea] EL 


, : = | E 
Litt force (A) is normal to Wel and ARG Force Chord of we. 
(Fa) 2 Poro lt fo Vie e Theas preto 


T= RC هد‎ ~ Fp dosed) (fort, T?0 shen FLIFp > cot x) 


Goth C, and Cy nust bemedeted که‎ func hos of Angle of attack, x, 
Farm a graph of G and Cy Verstes d, A sahstactoreo ٨ وموفبخه ۴غه ۸م‎ ^ 


C, = 0.12 & -0.002b5 lx ورس‎ 2% < 1 degrees SECTA, lal (2 degrees 
lp = 0.00952 HF کی ۵ک‎ — i 6x <2 degrees; Cp » ۸۵ ۵3/۷۰, In] v degrees 


E The models JA the stated ngon , fed» ie eleg reed, يکم هتا‎ cure Cnt de ز.‎ 
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ge pm e 
y^ i ay ikv UM. 
Sai ird : 


Problem 10.115 [5] Part 2/3 |‏ ووي و 
Sample ca Ice lo Tio ! Choose REO, «۵.5 fe ure] A A Vip lo Oph E‏ 


A+ @ = 30° bo rth Var = 20 rph (79.3 #/s) 


X= w/v, ds Tu . و‎ ٧142٣٣ لن‎ alya radis (N Iso rpm) 
£ 


& lo fr 


WR 147 rad EN His 
5 


Væ ja =R typ OSD * (47 دد مه ده‎ 172 FES 


Vret Je * Uses 51108 = 29.3 Sip fu £s 


L £ 
Vee} =[ ver)? + از‎ z [Gn > klisa] e 173 f+ [s 


y = faa Ueik ata] = ton” 04.7 fn) = LER degrees 


+ چا 0687 mayte‏ لد 000234 )يسه صا صا د 
j z€Vr«l 3 < ag Ú 5 Lc 304 lef f‏ | 


è : Ap [projecte d Cota pr Artoj Stef.) alir ۴ OS FF d fe په‎ OS fe" 


(=D. Za - 0 otha) o 2 Dz Ge س‎ 0.002 fu, JRL a 9,224 


Cy =D.00%82 * LStxil07 ea OOo #1 ۷ واد وه‎ 0.0031 


R. * C 4. Ap = 0.524, 25. lof , asf 2 4.32 lok 
بو ې‎ File, - 49.0 
Fo = Cog. Ap = 0481 25 Bx 2.5 ۴" a Diss bf 


T= RU sina -Fpcosa) = lof (4.33 )و‎ ~ 9.233005 14.88) ier = S42 fe ibe 


bis)‏ 2.۵ ) میا ېځ دد M Gee OL‏ = رې سم کې 
5 £ 


| 2 
i 4 " z El 
| = = 26 2 As CAMA SLot f by Content "=? Pur yio fe, (fr = OFF 
تا‎ 
a 
C5 m Beef o PET ox € el x Maps ft ے‎ prat (at B= 15%) 
$ (4) 6.09232 Slug )2۹ زت‎ fra ZO Y«* خی ځيل‎ 


Dotan Co Ar a Carp ۱۵ rotor revaluhen by integrahos iemtrically ITA 
resulta Ore presented ON The next page, and plotted versus Pg Speed 
rata; X s WR Naur. 


Forn the Plot, Cp is Small at low X. Lt iare aes که‎ XC us (hosed, Yen 
peaks and decreases Again. Compactos with Fg. 10.45 shows The 
TENs ALL Similar, but the priacde! Predicts Use fiat pastor At larger 
X than observid éxperimeatatty. Blade elements at Smarter raddet 
ga the retry lobleld produce Jess porto, Since We const Gloag star. 
Cp ar large X is also مه( د‎ to Cp. 


Low Co at Small X. cecurs because Thoe Airfoil کال‎ Stated, 
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١ ` Pd‏ [ 2 و‫ 


qo Problem 10.115 [5] Part 3/3 - 
Computed results: | 


Alan T. McDonald 

School of Mechanical Engineering 
PURDUE UNIVERSITY 

West Lafayette, Indiana 47907 


| 
| 
| 
| 


EHH ¥ F 
HHH چر پر‎ 


1 | 
f 
i | 


Airfoil: NACA 0012 Section; Chord, c = 6 in. 


| Blade element: Span, w = 1 ft; Radius, R = 10 ft 


i Input data: Tip speed ratio, X = 5,0 (---) 
i Wind speed, Vw = 20 mph (29.3 ft/sec) 
! 
Calculated: Rotor speed, omega - 140.4 rpm : 
theta Vrel alpha ci Cd F1 Fd T Cp : 
(deg) (ft/s) (deg)  (--)  (--) (1bf) (1bf) (ft-lbf) (--) | 
| 0 176 6.00 0.00 9.010 0.0 9.176 -1.8 -0.043 | 
| 30 173 4.87 0.52 0.013 9.3 0.233 5.6 0.136 
i 60 164 8.95 0.87 0.022 13.8 0.343 iB.i 0.439 
| 90 150 11,31 1.02 0.029 13.7 0.384 23.1 0.562 
: 120 135 10.89 1.00 0.027 10.8 0.235 17.5 0.425 
150 122 6.90 0.70 0.017 6.3 0.148 $.1 0.147 
180 118 -0.00 -0.00 0.010 -0.0 0.078 0.8 -0,019 
210 122 -6.90 -0.70 0.017 -6.3 0.148 5.1 0.147 
i 240 135 -10.89 -1.00 0.027 -10.8 0.295 17.5 0.425 
270 150 -11.31 -1.02 0.029 -13.7 0.384 23.1 0.562 
| 300 164 -8.95 -0.87 0.022 -13.8 0.343 18.1 0.439 
i 330 173 -4.87 -0.52 0.013 -9.3 0.233 5.6 0.136 
i 2640 176 0.00 0.00 0.010 0.0 0.176 -3.8 0,043 
Average power coefficient for complete revolution: Cp,bar = 0,296 


Plotting resultes of Similar aatia. Hons at Varias fb speed radios roe: 


2.5 رر سيو يي‎ | 
| 8.5 | 
FO ده‎ 
Cog nt 5% 
Cp 
(>>) ۵.3 
0.2, 
0.1 
4 
O 5 10 ig 20 | 


Tip Speed Lario, X. t->) 
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— Problem 10.116 [5] Part 1/3 
Given? Lift ard drag dara fre NACA 1305 ه٧‎ See hon, Fig. Gt, 


Co ډګ دم‎ Tton- bla de, ه ۱2م ھم«‎ ٢ه‎ | Axis wind heroina With Y^ So]. 


Find! (a) Analyze Bie xolg ve Tadu toe blade ideada fora hing وي‎ . 
E) Dxvelp numerical model fre blade Clement. دد‎ 
(Cc) Caleu Iate power وم ځهم‎ carr AS a fachon of Ap soted raho, 
ly Compare with the trend showa s Fig, 1045. 


Lolutior: Front vidus of PFT, blade element Showa cras-latched: 


| Y 
٢ لو‎ 15 gies 
n A 2. (absolute £i i 
l E AE velocities) - d 8 1 
ur ا | و‎ Ves 
\ 25 ٢ A = blaele Hus rst ang A 


P 4 
Pd ‘ 
“K~ um (relative NOE EE e | 
veloc itid uM el 7 | 
; . 2) NA Vas Choral hos | 
solr ta rela dion Veloz fa: 
| LU Gay 
— B — 

| Va tee = مد‎ Elmer T Vet el “Ze an fé oF atack 

F, (4 to Ve) N o C t Vee) 


Ch 


z» — => — — 
Viet * Var T Naade * Ver f (- مها‎ 3 


E , دود دی‎ 
| Computing egeo trans | P d 
| Fox ls ££ Ve Ap a a PUO UE Velocity Note: f v0 5 req هرو‎ | 
۱۸م لوم رما‎ fo Se t£ Start}, 


| 
| 
| Fo = Le vr* ^p y Ap? Plan fori Orca 
| T= Ag tm (Fi sing ~Fpeos&) ; Ny = Number of blades (2) 


L 
Veet = (wr) + pus Bc tan" (Vel sn) 5 465-5 


Both C, and to must bl modê led as f Linc ons pf angle oF attack, ax, | 
Paar Pigg EN Satis fec tre ty fe presen Patio are? 

OS A ډه‎ CLYD 9 2/67» de «849 Cy a Ooo $$ SS پوگ د‎ 
a 


۱2٤ 4 « 130 C, T وو ومو .4 — سر فو د‎ (4 - i2" 4° ¥5 ( <° Ep = Abon + Two ane) 


8 < C. 20.2 د ون‎ Cp = 83 


1 vioces ty both models are crude tor C lu> 18%) ep (A > 16%), | Choose Re elo fa, 
mt S Sft, Ct bin, tl th, Ve دځ‎ mph (29.4 #/s) , X*5, And * 5% Thea 


XV Boh / 
fi = m Ox - <DA = 14.7 د / مهه‎ {140 rem)? lor, = 80,9 Aris 
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Problem 6 [5] Part 2/3 | 
Var m [Go Y e (on) 86: his qiue وراو‎ Ap mure AS rh | 


Pz tan! (244 [p a) کو وخ د‎ j A + OY "20.07 5.0 a I& a C m 1.685; صا سی‎ 
FL = desk A et یون‎ 27,22 lof: Fy © 8-97, نزو‎ IA 0.075 Jot 
T= 2, 5.5 667.28 ¿anto? - 0.078 Cos £09) bf ه‎ ib Fe lbf 


Similar tate tations tor tht other blade elernen ts Show thar Torque سي‎ 
The Complet Propeller is ip? 289 AE, Tbe pouer coef fierent eS 


e. 3 
pert z Z LF LA om 140 deg, (59 Aci —— r8 SES. x stu he, "T 
FEMT T Êz FENS AV 7 PETS slag “e grr fame pou 1 
lateutates suits are tabulard on The ded page pled and adisussed | 
bt loud : LASS 
VES | 
0.4 ھ‎ 
Power 
Coeffizienf, 
Cp 0.3 
S 
2.2 
û (d 
Ü 
٩ $ 10 E 20 
Tip Speed Raho X= ft (---) 
Var 
Triads Shown Ar, دم بد‎ fu f£ Fig. 10.48, AF Small X, ma biade E cabra 
Ska. (ted 2 Use feel Def put ix tous, At large Ky ړل 0 په‎ ALL MEU the 
Hips, reducing sc oo. Vege 
0 ون‎ dors pod SAE (1) axial pater terenet That reduces له وو‎ 
Velocita hilos Vip as loaa ing IMercases, of (2) Siuil i مه مغلام‎ by blode 


drag. Both these effecta Edict ptr fey هی د ههه‎ FIT mere dE halls, Sec 
Division ا‎ Section X! of E30]. 
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[5] Part 3/3 | 


Problem 10.116 
Computed ٢٤5٤٠ 


RA‏ پچ پل ې ې يې ي RA RA RARA‏ ځ پل پو پې ې پش ې ې لي چا HARE‏ چ پا ښ چا RE‏ لي ښ لل بد ې چو لی 


P 2 


* Alan T. McDonald 5 
* School of Mechanical Engineering * 
* PURDUE UNIVERSITY 8 
* West Lafayette, Indiana 47907 * 
Airfoil: NACA 23015 Section; Chord, c - 6 in. 
Tip radius, Rt = 10 ft 
Twist angle, beta * 5 degrees 
Blade element: Delta r, dr - 1.00 ft 
Input data: Tip speed ratio, X = 5.0 (---) 
Wind speed, Vw - 20 mph (29.4 ft/s) 
Calculated: Rotor speed, omega - 140.4 rpm 
Rm Vrel alpha cl Cd Fi Fd T 


Torque for complete propeller: T = 159.0 ft-lbf 


Power coefficient for windmill: Cp = 0.246 (---) 
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Problem 11.1 


11.1 A 2-m-wide rectangular channel with a bed slope of 0.0005 
has a depth of flow of 1.5 m. Manning’s roughness coefficient is 
0.015. Determine the steady uniform discharge in the channel. 


Given: Rectangular channel flow 
Find: Discharge 
Solution: 
2 1 
Basic equation: Q= LNR a, So : 
n 


Note that this is an "engineering" equation, to be used without units! 


For a rectangular channel of width B,, = 2-m and depth y = 1.5-m we find from Table 11.2 


Bwy 


R = 0.600-m‏ —— چا 
By + 2:y‏ 


2 
A =Byy A - 67 


Manning's roughness coefficient is n = 0.015 and Sg = 0.0005 


2 1 


5 3 
1.49 
Q= AR Q= 3.18. 
n 5 
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Problem 11.2 


11.2 Determine the uniform flow depth in a rectangular channel 

. . . 3 H 
2.5 m wide with a discharge of 3 1/5. The slope is 0.0004 and F 
Manning's roughness factor is 0.015. 


Given: Data on rectangular channel 
Find: Depth of flow 
Solution: 
2 1 
Basic equation: Q= Lar A So a 
n 


Note that this is an "engineering" equation, to be used without units! 


3 


For a rectangular channel of width By, = 2.5-mand flow rate Q = 3. we find from Table 11.2 A=By-y 
5 


Manning's roughness coefficient is n = 0.015 and 5) 0.0004 


2 
3 
1 Bwy 2 
Hence the basic equation becomes Q = —-B,-y-| ———| ‘So 
n By + 2-y 
2 
3 
Solving for y Bwy Q-n 
dare 3 
لر ېې‎ = 
2 
By'Sg 


This is a nonlinear implicit equation for y and must be solved numerically. We can use one of a number of numerical 
root finding techniques, such as Newton's method, or we can use Excel's Solver or Goal Seek, or we can manually 


iterate, as below, to make the left side evaluate to UE. a = 0.900 . 
2 
Bw'So 
2 2 
Bw Y Buy y 
For y=1 (m) y س‎ = 0.676 For y= 1.2 (m) y| == = 0.865 
By + 2y By + 2y 
2 2 
Bwy Buy y 
For y =123 (m) y ——— = 0.894 For y = 1.24 (m) y| ——— — 0.904 
By + 2y By + 2y 
The solution to three figures is y = 1.24 (m) 
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[3] 


ft 
Q = 100.— Sg = 0.0004 


(Bw*zY)Y — (842^y 


Rz = 
B2 142 8+2yw/5 


.0.0004 = 100 (Note that we don't use units!) 


Problem 11.3 


11.3 Determine the uniform flow depth in a trapezoidal channel 
with a bottom width of 8 ft and side slopes of 1 vertical to 2 hori- 
zontal. The discharge is 100 ft/s. Manning's roughness factor is 
0.015 and the channel bottom slope is 0.0004. 


Given: Data on trapzoidal channel 
Find: Depth of flow 
Solution: 
2 1 
Basic equation: Q= = A. R^ Bn 
n 


Note that this is an "engineering" equation, to be used without units! 


For the trapezoidal channel we have By = 8-ft 2-2 
n = 0.015 
Hence from Table 11.2 A= (Bw zyyy = (8 + 2-y)-y 
2 
2 1 3 
1.4 2 149 8 + 2-y): 
Hence Q = 149. AR دا د‎ = — (8 + 2y)}-y- (8 +2y)y 
n 0.015 85 


[(8 + 2-y)- y] > = 50.3 


Solving for y 


(a2. 48)? 


This is a nonlinear implicit equation for y and must be solved numerically. We can use one of a number of numerical root finding techniqu 
such as Newton's method, or we can use Excel's Solver or Goal Seek, or we can manually iterate, as below. 


5 
[((8 +2 E 
(ft) 2 = 65.8 
(8+ 2-y 5) 
5 
[(8 + 2-y): 3 
(fo) LUTEA = 50.18 
(8+2:y/5)* 
(ft) 


5 


[(8+2-y)-y] 


For ۷ =2 (ft) = 30.27 For y=3 
3 
(8+2-y-/5) 
5 
[(8+2-y)-yl° 
Fr y=26 (ft) S - 49.81 For y -261 
3 
(8+2-y-/5) 
The solution to three figures is y = 2.61 
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[3] 


Rc Sg = 0.0004 


un 


(Bw*7y)Y _ (25+29y 
2 25-2y45 
By+ ل2۰7۰‎ 1 +z v5 


1 


-0.0004 a 3 (Note that we don't use units!) 


Problem 11.4 


11.4 Determine the uniform flow depth in a trapezoidal channel 
with a bottom width of 2.5 m and side slopes of 1 vertical to 2 
horizontal with a discharge of 3 m/s. The slope is 0.0004 and 
Manning's roughness factor is 0.015. 


Given: Data on trapezoidal channel 
Find: Depth of flow 
Solution: 


2 1 
1 - E 
n 


Basic equation: 
Note that this is an "engineering" equation, to be used without units! 


B., = 2.5m Z= 2 


For the trapezoidal channel we have w 


n = 0.015 


Hence from Table 11.2 A= (Bw H zy)-y = (8+2-y)-y 


N 
— 
win 


Hence Q = LAR? 2 1 E 


0 0.015 25+ 2-75 


[2.5 + 2-y)-y] 
2 


(2.5 + w 


Solving for y = 2.25 


This is a nonlinear implicit equation for y and must be solved numerically. We can use one of a number of numerical root finding techniqu 
such as Newton's method, or we can use Excel's Solver or Goal Seek, or we can manually iterate, as below. 


5 


[Q.5 + (7 
2 


(25+ a 
5 


[(2.5 +2-y)-y1* 
2 


(2.5 + ON 


= 2.17 


= 2.25 


5 


[Q.5 +2y)yl° 


For y=1 (m) ES 3.36 For y= 0.8 
3 
(2.5 +2-y/5) 
5 
[(2.5 +2-y)-y1* 
For y=081 (m) MIA = 2.23 For y = 0.815 
3 
(2.5 + 2y-/5) 
The solution to three figures is y = 0.815 
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Problem 11.5 [2] 


11.53 A partially open sluice gate in a 3-m-wide rectangular —— 
; 3 8 

channel carries water at 8.5 m/sec. The upstream depth is 2 m. 

Find the downstream depth and Froude number. 


Given: Data on sluice gate 
Find: Downstream depth; Froude number 
Solution: 
2 2 
Py ۷ P2 V2 
Basic equation: — +—— وې‎ = — +— *y59*h The Bernoulli equation applies because we have steady, 
pg 2g pg 2g incompressible, frictionless flow. 


Noting that py = P2 = Patm (1 = upstream, 2 = downstream) the Bernoulli equation becomes 


2 2 
V1 ME Vo . 
2-8 Y1 2-8 y2 
m 
The given datais b = 3-m yj = 2m Q = 8.5.— 
5 
For mass flow = E دې‎ 
Q =V-A SO v¡ = — and V = — 
by by» 
2 2 
E E 
by, by» 
Using these in the Bernoulli equation A +y] = Era * yo (1) 
8 8 
2 
E 
The only unknown on the right is y2. The left side evaluates to T——— +y] = 2.10m 


2-8 
To find y? we need to solve the non-linear equation. We must do this numerically; we may use the Newton method or similar, or 
Excel's Solver or Goal Seek. Here we interate manually, starting with an arbitrary value less than y4. 


ar 
> + 


For y) = 0.5m 23 y) = 2.14m For yo = 0.51-m 7 + y) = 2.08m 
Q Y ay 

For y) = 0.505-m Zg +y = 2.11m For yo = 0.507-m E + y) = 2.10m 
Hence y) = 0.507m 

۷ 

2 
Then Vea Vj = 5.59— Fry = — Fry = 251 
b-y2 5 82 


http://librosysolucionarios.net 


[1] 


Problem 11.6 


11.6 A rectangular flume built of concrete, with 1 ft per 1000 ft 
slope, is 6 ft wide. Water flows at a normal depth of 3 ft. Compute 


the discharge. 


Given: Data on flume 
Find: Discharge 
Solution: 
2 1 
Basic equation: Q = 149 AR 3 So 2 
n 


Note that this is an "engineering" equation, to be used without units! 


For a rectangular channel of width By = 6-ftand depth y = 3-ft we find from Table 11.2 


2 Bwy 
A = Buy A = 18-ft 1 نلا‎ R = 1.50-ft 
id Bi, + 2y 
w 
1-ft 
For concrete (Table 11.1) n = 0.013 and So = Sg = 0.001 
1000-ft 
2 1 
1.49 3 2 te 
Q = ——. A R^.Sg Q - 85.5.— 
n 5 
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with 


Problem 11.7 


11.7 A rectangular flume built of timber is 3 ft wide. The flume 
is to handle a flow of 90 ft/sec at a normal depth of 6 ft. Deter- 
mine the slope required. 


Given: Data on flume 
Find: Slope 
Solution: 


2 1 


1.49 


Basic equation: Q = SS ae 
n 


Note that this is an "engineering" equation, to be used without units! 


For a rectangular channel of width By = 3-ftand depth y = 6-ft we find 


2 Bwy 
A = Bwy A = 18-ft R = ——— R = 1.20-ft 
لاط‎ 7 
w 
For wood (not in Table 11.1) a Google search finds n = 0.012 to 0.017; we use n = 0.0145 


a Sy = 1.86x 10 ^ 
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mE Bwy 
Bw+t2y 
2 
3.0 
By =|—¿1 
2 
So 
Sg = 3 
n = .013 
By = 2.36m 
n = .020 
Bw = 2.77m 


Problem 11.8 


. ٩ . 3 
11.8 A channel with square cross section is to carry 20 66 
of water at normal depth on a slope of 0.003. Compare the dimen- 
sions of the channel required for (a) concrete and (b) soil cement. 


Given: Data on square channel 
Find: Dimensions for concrete and soil cement 
Solution: 
2 1 
i =a 
Basic equation: Q = — AR 2 So A 
n 


Note that this is an "engineering" equation, to be used without units! 


For a square channel of width By we find <A = B 


B د‎ oD 7 
Hence Q= La 3 ar = 25. dh 3 or 


The given data is Q= 20. 
S 


For concrete, from Table 11.1 (assuming large depth) 


For soil cement from Table 11.1 (assuming large depth) 
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Problem 11.9 [1] 


11.9 Water flows in a trapezoidal channel at a normal depth of 
1.2 m. The bottom width is 2.4 m and the sides slope at 1:1 (45°). 
The flow rate is 7.1 m'/sec. The channel is excavated from bare 
soil. Find the bed slope. 


Given: Data on trapezoidal channel 
Find: Bed slope 
Solution: 
2 1 
Basic equation: Q= LNR 2 So : 
n 


Note that this is an "engineering" equation, to be used without units! 


For the trapezoidal channel we have By 24m 2-1 y = 1.2m Q= ګنړ‎ 
5 
For bare soil (Table 11.1) n = 0.020 
: (By, + zy)-y 
Hence from Table 11.2 A= (By + zy)-y A = 432m R = — R = 0.746m 
2 
By+t2yy1+z 
Hence دک ات ې‎ Sp = 1.60x 10 > 
2 
AR? 
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Problem 11.10 [1] 


11.10 A triangular channel with side angles of 45° is to carry 10 
m/sec at a slope of 0.001. The channel is concrete. Find the 
required dimensions. 


Given: Data on triangular channel 
Find: Required dimensions 
Solution: 
2 1 
Basic equation: Q= Lar 2 So : 
n 


Note that this is an "engineering" equation, to be used without units! 


3 
For the triangular channel we have z = 1 Sg = 0.001 Q = 10. 
5 
For concrete (Table 11.1) n = 0.013 (assuming y > 60 cm: verify later) 
2 2 zy y 
Hence from Table 11.2 A-zy =y ¡APM اتس‎ 
24 142 22 
2 1 
2 1 3 8 3 1 8 1 
1 1 1 1 1 
Hence Q = CUR EL" = Ly. Y ‘So = Ly. et Bu = i n 
n n 2442 n 8 2-n 
2-n-Q 8 
Solving for y y= y = 2.20m (The assumption that y > 60 cm is verified) 
JS 
0 
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Problem 11.11 [2] 


11.11 A semicircular trough of corrugated steel, with diameter 
D = 1m, carries water at depth y, = 0.25 m. The slope is 0.01. 
Find the discharge. 


Given: Data on semicircular trough 
Find: Discharge 
Solution: 
2 1 
Basic equation: Q= Lar 3 So 2 
n 


Note that this is an "engineering" equation, to be used without units! 


For the semicircular channel dy = 1-m y = 0.25-m Sg = 0.01 
do 
Fa 
Hence, from geometry 0 = 2-asin + 180-deg 0 = 120-deg 
2 
For corrugated steel, a Google search leads to n = 0.022 
1 : 2 2 
Hence from Table 11.2 A = a - sin(0)):dg A =0.154m 
1 in(8 
852 و‎ pu. R = 0.147m 
4 0 
2 1 
1 3 2 m m. 
Then the discharge is Q = وس د چو‎ Q = 0.194 — 
n 5 5 
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Problem 11.12 [1] 


11.12 Find the discharge at which the channel of Problem 11.11 


flows full. 
Given: Data on semicircular trough 
Find: Discharge 
Solution: 
2 1 
Basic equation: Q= Lar 3 So 2 
n 


Note that this is an "engineering" equation, to be used without units! 


For the semicircular channel dy = 1-m 0 = 180-deg Sg = 0.01 
For corrugated steel, a Google search leads to (Table 11.1) n = 0.022 

1 ; 2 2 
Hence from Table 11.2 A = cM - sin(0))-dg A = 0.393m 

1 in(0 

Rat p a R - 025m 
4 0 
1 

1 3 d m m 
Then the discharge is Q = —AR ‘Sg -— Q = 0.708 — 

n 5 5 
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Problem 11.13 


11.13 The flume of Problem 11.6 is fitted with a new plastic film 
liner (n = 0.010). Find the new depth of flow if the discharge re- 
mains constant at 85.5 ft*/sec. 


Given: Data on flume with plastic liner 
Find: Depth of flow 
Solution: 
2 1 
Basic equation: Q = زا سه‎ 
n 


Note that this is an "engineering" equation, to be used without units! 


For a rectangular channel of width By, = 6-ft and depth y we find from Table 11.2 


R = === = 
Bwt2y 6+2y 


Sp = 0.001 


:0.001 ^g 85.5 (Note that we don't use units!) 


c - cuia 


(64 2)? 


A= Bwy = 6y 


and also n = 0.010 and حم‎ ER 
1000-ft 
2 
2 1 E 
1.49 3,2 9 6- 
Hence Q= ES UR سلا‎ y 
n 0.010 6 +2-y 
5 
? 85.5-0.010 
Solving for y LII. an oe Or 
2 1 2 
(6 + و2‎ 1.49..0017.6.6 


This is a nonlinear implicit equation for y and must be solved numerically. We can use one of a number of numerical root finding techniqu 
such as Newton's method, or we can use Excel's Solver or Goal Seek, or we can manually iterate, as below. We start with Problem 11.6's 


5 
3 
y=2 (feet) y = 0.684 
(64 2-)? 
5 
3 
y -245 (feet) y - 0.906 
(642-)" 
y = 2.47 (feet) 


depth 
5 
3 
For y=3 (feet) E = 1.191 For 
(64 2-)? 
5 
3 
For y-225 (feet) y = 0.931 For 
(642)? 
5 
3 
For  y-247 (feet) y - 0.916 
(642-)" 
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Problem 11.14 [3] 


11.14 Discharge through the channel of Problem 11.9 is in- » B » 
creased to 15 m*/sec. Find the corresponding normal depth, if the \ E 
bed slope is 0.00193. 1 1 y 
Z Z | 
kB, 
Given: Data on trapzoidal channel 
Find: New depth of flow 
Solution: 
2 1 
F ] 1 3.2 
Basic equation: Q = —AR ‘So 
n 


Note that this is an "engineering" equation, to be used without units! 


3 
For the trapezoidal channel we have By = 2.4m z=1 Q= inc Sg = 0.00193 
5 
For bare soil (Table 11.1) n = 0.020 
BytZy)y . 
Hence from Table 11.2 A= (Bw ١ zyyy = (2.4 + y)y R = د8‎ = 4Y 
By + 2:y Y 1+ zo 24+ 22 
2 
2 1 3 1 
Hence Q = LAR E) = ——.(2.4+y)-y: a 0.00193? = 15 (Note that we don't use units!) 
n 0.020 244 2.y 2 


lu 


[2.4 « yy] 
2 


(244 RR 


This is a nonlinear implicit equation for y and must be solved numerically. We can use one of a number of numerical root finding techniqu 
such as Newton's method, or we can use Excel's Solver or Goal Seek, or we can manually iterate, as below. We start with a larger depth 
than Problem 11.9's. 


Solving for y - 6.83 


5 5 
[24 * yy]? ))24 "وور‎ 
Fo y=15 (m AAA = 5.37 For y-175 (m) AAA 253 
8 8 
(24 + 2-y-/2) (2.4+2-y-1/2) 
5 5 
نوور-24))‎ [Q4 "و‎ 
For y=171 (m) A = 6.89 For y=170 (m) A 2 
3 3 
(2.4+2-y-/2) (2.4+2-y-/2) 
The solution to three figures is y = 1.70 (m) 
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Problem 11.15 [3] 


11.15 The channel of Problem 11.9 has 0.00193 bed slope. Find » B » 
the normal depth for the given discharge after a new plastic liner N E 
(n = 0.010) is installed. 1 1 y 


Given: Data on trapzoidal channel 
Find: New depth of flow 


Solution: 
2 1 


Basic equation: Q= SR ie, 
n 


Note that this is an "engineering" equation, to be used without units! 


For the trapezoidal channel we have By = 2.4m z=1 Q = ni Sg = 0.00193 
5 
For bare soil (Table 11.1) n = 0.010 
BytZy)y . 
Hence from Table 11.2 A= (Bw ١ zy)-y =(2.4+y)-y R= د8‎ = 4Y 
BI 49 2yy? 
2 
2 1 3 1 
Hence Q = SAR Sg = ات‎ + y-y: a -0.00193* = 7.1 (Note that we don't use units!) 
n 0.010 2.4 + 2- y 2 
5 
[2.4 y1 
Solving for y APP ces dB 


3 
(2.4+2-y-/2) 
This is a nonlinear implicit equation for y and must be solved numerically. We can use one of a number of numerical root finding techniqu 
such as Newton's method, or we can use Excel's Solver or Goal Seek, or we can manually iterate, as below. We start with a shallower deptt 
than that of Problem 11.9. 
5 5 


[2.4 « yy] [2.4 « (7 


For y=1 (m) 2 2.55 For y = 0.75 (m) د2‎ 1.53 
3 3 
(24243) bx 
5 5 
[(2.4+ y-y] [Q4 «y-yl* 
For y=0.77 (m) MM = 0 For y -0.75 (m) سه‎ = 1.62 
3 3 
(2.4+2-y-/2) (2.4+2-y-/2) 
The solution to three figures is y = 0.775 (m) 
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Problem 11.16 [3] 


11.16 Consider again the semicircular channel of Problem 11.11. 
Find the normal depth that corresponds to a discharge of 0.3 m'/sec. 


Given: Data on semicircular trough 
Find: New depth of flow 
Solution: 
2 1 
Basic equation: Q= TR e" 
n 


Note that this is an "engineering" equation, to be used without units! 


For the semicircular channel dy = im Sg = 0.01 Q= 03. 
5 
For corrugated steel, a Google search leads to (Table 11.1) n = 0.022 
1 ] 2 1 i 
From Table 11.2 A= a -sin(0))dg = P — sin(0)) 
EN AO) go Lf, 89 
4 0 4 0 
2 
2 1 3 1 
Hence Q= La = M l(g — sin(0)) |- ES 1- SUD 0.01? = 0.3 (Note that we don't use units!' 
n 0.022 | 8 4 0 
2 5 
, 3 ; 3 
Solving for 0 0 .(0-sin(0) = 1.33 


This is a nonlinear implicit equation for 0 and must be solved numerically. We can use one of a number of numerical root finding techniqu 
such as Newton's method, or we can use Excel's Solver or Goal Seek, or we can manually iterate, as below. We start with a half-full channe 


2 5 2 5 
3 ; 3 3 ; 3 
For © = 180-deg 0 .)0-sin)0(( = 3.14 For © = 140-deg 0 (0-sin(0) = 1.47 
2 5 2 5 
3 2 3 3 í 3 
For 0 = 135-deg 0 ((0)0و-0).‎ = 1.30 For 0 = 136-deg 0 (0-sin(0) = 1.33 


The solution to three figures is 0 = 136-deg 


do 0 
From geometry y = > 1 — cos > y = 0.313m 
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Problem 11.17 [2] 


11.17 Consider a symmetric open channel of triangular cross 
section. Show that for a given flow area, the wetted perimeter is 
minimized when the sides meet at a right angle. 


Given: Triangular channel 
Find: Proof that wetted perimeter is minimized when sides meet at right angles 
Solution: 
2 2 
From Table 11.2 A =z:y P=2-yy1+z 


We need to vary z to minimize P while keeping A constant, which means they = | — with A = constant 


7 
A 2 A.\1 + 
Hence we eliminate y in the expression for P P =2. 1+7 = 2 | ———— 
Y 7 7 
2 
For optimizing P i 25 B "m =0 or 2-1 
dz à E + 1) 


For z = 1 we find from the figure that we have the case where the sides are inclined at 45°, so meet at 90°. Note that we have only 
proved that this is a minimum OR maximum of P! It makes sense that it's the minimum, as, for constant A, we get a huge P if we set 


z to a large number (almost vertical walls); taking the second derivative at z = 1 results in a value of y 2-A, which is positive, so we 
DO have a minimum. 
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Problem 11.18 [3] 


11.18 A trapezoidal channel with a bottom width of 20 ft, side 
slopes of 1 to 2, channel bottom slope of 0.0016, and a Manning's 
n of 0.025 carries a discharge of 400 cfs. Compute the critical 
depth and velocity of this channel. 


Given: Data on trapezoidal channel 
Find: Critical depth and velocity 
Solution: 
2 
Basic equation: E=y+— 
2-8 
1 ft 
The given data is: By = 20-ft Z= 5 Sg = 0.0016 n = 0.025 Q = 400-— 
5 
o? 
In terms of flow rate E =y+ 7 where (Table 11.2) A= (Bw + zy)-y 
2۰A .g 
څې‎ 
Hence in terms of y E=y+ 
2 ( Biy + zy) yg 
2 
2 2 B.-Q 
For critical conditions = 2021- 209027 . _+_, L4 - w 
y gy (By * yz) gy (By + yz) gy ‘(By * yz) 
Hence g y (Bus y 2 = BQ 


The only unknown on the right is y. The right side evaluates to By Q = 3.20 x 10° 
5 


To find y we need to solve the non-linear equation. We must do this numerically; we may use the Newton method or similar, or 
Excel's Solver or Goal Seek. Here we interate manually, starting with an arbitrary value 


7 7 
ft ft 
Fo y = 1-ft gv (By, + yz = 2.77% 10— Fo y=2ft £y (By, + yz = 2.38 x 10° 
5 5 
: : oft 3 3 6ft 
For y-25ft gy ‘(By + yz) = 4.82 × 10 — For y-22ft gy ‘(By + yz) = 3.22 × 10° 
5 5 
: : 6ft” 3 3 6 ft! 
For y = 2.19-ft gy ‘(By + yz) = 3.17 × 10 — For y=220ft gy ‘(By +y2) -322x10 — 
S S 
Hence the critical depth is y = 2.20ft 
2 "T Q ft 
Also A = (Bw + zyyy A = 46.4 ft so critical speed is V= 7 ۷ = 8.62— 
S 
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Problem 99 


11.19 Compute the normal depth and velocity of the channel of 


Problem 11.18. 


F 
1 1 y 
Z z | 
اما‎ 
Given: Data on trapezoidal channel 
Find: Normal depth and velocity 
Solution: 
2 1 
Basic equation: Q= em A- pr 
n 
Note that this is an "engineering" equation, to be used without units! 
1 ie 
For the trapezoidal channel we have By = 20-ft Z= $ Q = 400-— Sg = 0.0016 n = 0.025 
20 + : 
Hence from Table 11.2 A= (Bw Pz y) y =| 204 reat) RA ee SS 
2 20 + yd 5 
Byt+2yyl+z y v5 
2 
3 


1 
(20 + E ha 
د‎ 0.0016? - 400 


20 + y /5 


(Note that we don't use units!) 


This is a nonlinear implicit equation for y and must be solved numerically. We cani 
one of a number of numerical root finding techniques, such as Newton's method, or 
we can use Excel's Solver or Goal Seek, or we can manually iterate, as below. We 
start with an arbitrary depth 


5 
3 
= 265 For y-49 (ft) ا‎ 2 = 6 
3 
(20 + y-y5) 
5 
3 
= 252 For y = 483 (ft) q پد‎ = 250 
3 
(20 + y/5) 
2 
Then A = (B + zy) y A = 108-ft 
v = او د‎ 
S 


1 
| 20 +—-y ry 
SEL 


wl س‎ 


wlu 


Q 3 


|| 


wla 


= 250 


(20 + y-/5) 


a زرو‎ 
) ٢ 
"Ec 


(20 + y. /5) 


y = 4.83-ft 


v.8 
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Hence 


Solving for y 


For 


For 


The solution to three figures is 


Finally, the normal velocity is 


Problem 11.20 [3] 


11.20 Derive an expression for the hydraulic radius of a trapezoi- 
dal channel with bottom width B,, liquid depth y, and side slope 
angle 0. Verify the equation given in Table 11.2. Plot the ratio RA 
for Bw = 2 m with side slope angles of 30° and 60° for 0.5 < y < 3 m. 


Given: Trapezoidal channel 

Find: Derive expression for hydraulic radius; Plot R/y versus y for two different side slopes 
Solution: 

The area is (from simple geometry or Table 11.2) A=Byyr ayy = (Bw + zy)y 
The wetted perimeter is (from simple geometry or Table 11.2) P = By +2yN 1+ 2 


By +zy)-y 
Hence the hydraulic radius is R = = = ey 


By +2-y- 147 


which is the same as that listed in Table 11.2 


R (Bw + zy) 
We are to plot اک‎ with By = 2m for 0 = 30° and 60°, and 0.5 < y < 3 m. 
By ٢ 2۰7۰ 1+ 2 
1 
Note: For 0 = 30° ر7‎ = z= 1.73 
tan(30-deg) 
1 
Note: For 0 = 60° z= u Z = 0.577 


tan(60-deg) 


The graph is plotted in the associated Excel workbook 
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Problem 11.20 [3] 


11.20 Derive an expression for the hydraulic radius of a trapezoi- 
dal channel with bottom width B,, liquid depth y, and side slope 
angle 0. Verify the equation given in Table 11.2. Plot the ratio R/y 
for By = 2 m with side slope angles of 30° and 60° for 0.5 < y < 3 m. 


Given: Trapezoidal channel 

Find: Derive expression for hydraulic radius; Plot R/y versus y for two different side slopes 

Solution: 

Given data: B,= 2m 

We are to plot = = ME) with B, = و2‎ for 0 = 30° and 60°. and 0.5 < y < 3 m. 


Note: For 0 — 309 z= ————— z= LB 
tan(30-deg) 


Note: For 0 = 60° z= t z = 0.577 
tan(60-deg) 


Computed results: 


Rly versus y for Trapezoidal Channels 


Los | 0091 | 0.693 | 0.8 - 
Los | 0.651 | 0.640 | 
Los | 0.636 | 0.618 | 


0.2 7 
00 
0.5 1.0 13 2.0 35 3.0 
y (m) 
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Problem 11.21 [3] 


11.21 Verify the equation given in Table 11.2 for the hydraulic 
radius of a circular channel. Evaluate and plot the ratio R/d,, for 
liquid depths between O and d,. 


Given: Circular channel 
Find: Derive expression for hydraulic radius; Plot R/dg versus dg for a range of depths 
Solution: 


The area is (from simple geometry or Table 11.2) 


2 2 2 
d d d d d 
A= ee T LUNA wa? و‎ aad = LN eee E -COS r2 
8 2.92 2.32 2 8 4 2 2 


dj dy. dj dy. do” 
A = ——.0 + —-sin(2-10 — 0) = ——.0 - —-sin(0) = ——.(0 - sin(0 
7 7 ( ) 7 a (9) 7 ( (8)) 
do 
The wetted perimeter is (from simple geometry or Table 11.2) P= cu 0 
dg. 
Hence the hydraulic radius is R=—= -e = HE - 220) Jag which is the same as that listed in Table 11.2 
P 4 
0 
—.0 
2 
We are to plot E a j 8009 
dy 4 0 


dg d d 
We will need y as a function of 0: y = کې یف نف‎ = 2 1- cos ES or Em E 1 - cos Es 
2 2 2 2 2 dg 2 2 


The graph is plotted in the associated Excel workbook 
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Problem 11.21 [3] 


11.21 Verify the equation given in Table 11.2 for the hydraulic 
radius of a circular channel. Evaluate and plot the ratio R/d,, for 
liquid depths between 0 and d,. 


Given: Circular channel 
Find: Derive expression for hydraulic radius; Plot R/d, versus do 
Solution: 
Given data 
The hydraulic radius is R= 7 = Oa 
We are to plot 5 = Hi - mM 


; ٩ l a 
We will need y as a function of 6: y= d + Sen 7) ES 2 E ZE or = -- 7۷ - - 
: 2 2 y 2 2) dy 2 2) 


Rid, versus y Id , for a Circular Channel 


o | 0000 | 0:000 T 
| 

100 
120 T 
140 o 
160 
180 
200 
220 
240 
260 
280 
300 
320 
340 
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Problem 11.22 [5] 


11.22 Determine the cross-section of the greatest hydraulic effi- 
ciency for a trapezoidal channel with side slope of | vertical to 2 
horizontal if the design discharge is 10 m/s. The channel slope is 
0.001 and Manning's roughness factor is 0.020. 


Given: Data on trapezoidal channel 
Find: Geometry for greatest hydraulic efficiency 
Solution: 
2 1 
Basic equation: Q= LAR * So : 
n 


Note that this is an "engineering" equation, to be used without units! 


3 


For the trapezoidal channel we have 2-2 Q = 10. Sg = 0.001 n = 0.020 
5 


From Table 11.2 A= (Bw + zyyy P=B,4+2-yy 1+ 5 


We need to vary B,, and y to obtain optimum conditions. These are when the area and perimeter are optimized. Instead of two 
independent variables B,, and y, we eliminate B,, by doing the following 


A A 
By = —-zy and so P=—-zy+2-y: 142? 
y y 
Taking the derivative w.r.t. y B P= EX: A = Z+2 14 2 
oy y oy y 
But at optimum conditions ee P= and 1۸ = 
oy oy 
A 
Hence 0 = E Z+24 14 7 or A= 2y”. 1 s ny 
y 
: 1 2 2 2 
Comparing to A= (By * zy)y we find A= (By * zy)y =2y 1+72 -zy 
: 1 2 
ence By =2yY1+Z -2zy 


Then A= (By + zyyy = (of 1+ z- dl 


P = By + 2y 142524. 1425-2 
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NI 


(m) 


(m) 


R A Alo. 1+ z - ) 2 1+ 5 - : 
= — = د‎ > My; 
P 


4۰y: DE 4 1225090 


| 2 
1 1 / lo. 1+ ٣ 
0: 41+ 22-2-2 
5 
بو د نا‎ 2 
24 1+z -zj So 3 
Q= ^ y 
3 3 
HN PEE ope) 
3 
a 2 ¬8 
3 
SN 1+ e - 55] 
y = رجګب ڪڪ‎ y = 1.69 
= 1 
ara C 
n 1+z = ‘So 
a 2 ت‎ 
By =2yylt+z -2zy By = 0.799 
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and 


Hence 


Solving for y 


Finally 


Problem 11.23 [3] 


11.23 For a trapezoidal shaped channel (m = 0.014 and slope B 
S, = 0.0002 with a 20-ft bottom width and side slopes of 1 vertical to \ + 
1.5 horizontal), determine the normal depth for a discharge of 1000 cfs. 1 1 y 
Z Z | 
LB, > 
Given: Data on trapezoidal channel 
Find: Normal depth 
Solution: 
2 1 
Basic equation: Q = S 
n 


Note that this is an "engineering" equation, to be used without units! 


3 
For the trapezoidal channel we have By = 20-ft z= 1.5 Q= 1000. Sg = 0.0002 
5 
n = 0.014 
Biy + 7y) y Jy). 
Hence from Table 11.2 A= (Bw H zy)-y = (20 + 1.5-y)-y R= Eu = د‎ 18 
B, +2y 14 x 20 + 2-y 3.25 
2 
2 1 3 1 
Hence Q = AR ds - 149 (20 + 1.5-y)-y: APA -0.0002° = 1000 (Note that we don't use units!’ 
n 0.014 20 + 2-y4/ 3.25 


[(20 + 1.5-y)-y] 3 


Solving for y = 664 


(20 + 2-y-/325)^ 


This is a nonlinear implicit equation for y and must be solved numerically. We can use one of a number of numerical root finding techniqu 
such as Newton's method, or we can use Excel's Solver or Goal Seek, or we can manually iterate, as below. 


5 5 
[(20 + 1.5-y)-y] [(20 + 1.5-y)-y]° 
For y=75 (ft) TÉ — 684 For y=74 (ft) ې‎ - 667 
3 3 
(20 + 2-y-/3.25) (20 + 2-y-/3:25) 
5 5 
[(20 + 1.5- »yl? [(20 + 1.5۰ yl? 
For y = 7.35 (ft) AA = 658 For y = 7.38 (ft) AAA = 663 
3 3 
(20 + 2-y-/3.25) (20 + 2-y-/3.25) 
The solution to three figures is y = 7.38 (ft) 
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2 
= By ٢ 2-71 17 


Problem 11.24 


11.24 Show that the best hydraulic trapezoidal section is one- 
half of a hexagon. 


Given: Trapezoidal channel 
Find: Geometry for greatest hydraulic efficiency 
Solution: 


From Table 11.2 P 


A= (Bw + zy)}y 


We need to vary B,, and y (and then z!) to obtain optimum conditions. These are when the area and perimeter are optimized. 


Instead of two independent variables B,, and y, we eliminate B,, by doing the following 


A A | 
By وچو‎ ZY and so P=—-zy+2-y: 1 +2 
y y 
Taking the derivative w.r.t. y Ea P= af A = z+ 14 r 
dy Ya y 
But at optimum conditions op =0 and 1۸ = 0 
oy oy 
A 
Hence 0= E z+ 20/14 z Or مر‎ - 2y 1 oe ay (1) 
y 
2 
Now we optimize A w.r.t. z PA DID. y, -0 Or 2.2 = 2 +1 
ez z +1 
1 
Hence 4z =z +1 or Z= — 
3 
1 
We can now evaluate A from Eq 1 A=2y11+z -zy = 2y. H b 25 M Le y = ior 
s 37 ya 
But for a trapezoid A= (By, zy)y = [5. H xp 
3 
; : 1 2 ' 1 2 
Comparing the two A expressions A =| Byt yy = 37 we find Bq = 3 — |y == y 
v3 v3) 3 
: : 1 4 
But the perimeter is P=Byt2yyl+z =By+2y [1+ = = By + y = Byy+ 2'B,y = 3-B, 
3 v3 
1 1 e ; , 
In summary we have Z= — 0 = atan| — 0 = 60 deg where 0 is the angle the sides make with 
3 i the vertical 
1 
pec 
1 T 3 1 
and By = ud so each of the symmetric sides is 5 = zP 


.e., half a hexagon! 


We have proved that the optimum shape is equal side and bottom lengths, with 60 angles i 
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[3] 


Problem 11.25 


11.25 Solve Example 11.4 for discharges of 0, 25, 75, 125, and 
200 
Given: Rectangular channel 
Find: Plot of specific energy curves; Critical depths; Critical specific energy 
Solution: 
Given data: B= 20 ft 
1 
2 2 3 
Specific energy: E=y+ Q 1 Critical depth: y, = Q 5 
2gB! | y? gB 
Specific Energy, E (ftIb/Ib) 5. 
Q= Q= Q= Q= Q= 
y (ft) 0 25 75 125 200 
| 05 | oso | 060 | 137 | 293 | 671 | 4 
| 06 | 060 | 067 | 121 | 228 | 491 | 
| 08 | 080 | 084 | 114 | 175 | 323 | 
3- 
y (ft) 
= 
1.8 1.80 1.81 1.87 1.99 2.28 sil =Q = 25 وا‎ 
| 18 | 180 | 181 | 187 | 199 | 228 | 
سر تو‎ 
2 
Si 
0 | l | 
0 2 4 6 
E (ft) 


y, (it 0.365 0.759 1.067 1.46 
E. (ft 0.547 1.14 1.60 2.19 
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Problem 11.26 


11.26 Rework Example 11.5 for a 30-cm-high hump and a side 
wall constriction that reduces the channel width to 1.6 m. 


لج نما 
Given: Rectangular channel flow with hump and/or side wall restriction‏ 
Find: Whether critical flow occurs‏ 
Solution: 1‏ 
o? :‏ 23 
Basic equations: Yc = B E = y+ 3 A = Bwy Emin = 216 (From Example 11.5)‏ 
g 2.g.A‏ 
a‏ 
Given data: By = 2m y = 29 Az = 30-cm B = 1.6-m Q = 24—‏ 
5 
Qa‏ 
(a) For a hump with Az = 30cm E = y+ 2m E = 1.07m‏ 
28Bw y‏ 
1 
3 
2 
Eg‏ 
Bw 3‏ 
yc = Yo = 0.528m Emin = 3 Ye Emin = 0.791m‏ 
8 
AZcrit =E- Emin AZcrit = 0.282m‏ 
0.282m so the hump IS sufficient for critical flow‏ = ې۵ > Hence we have Az = 0.3m‏ 
(b) For the sidewall restriction with B = 1.6m‏ 
1 
3 
2 
B‏ 
Emin = 0.918m‏ الس = Ye = Yo = 0.612m Emin‏ 


t= 0.155m so in this case the conditions ARE sufficient for critical flow 


Hence we have E = 1.073m > Emin = 0.918 m so the restriction is insufficient for critical flow 


E 


min = 0918m 


(a) For both, we can use the minimum energy from case (b) 


0.155m‏ حم 


Azeri 


Azerit = E- Emin 


Hence we have Az = 0.3m > Azeri 
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R = 0.600-m 


Problem 11.27 


11.27 Compute the critical depth for the channel in Problem 11.1. 


Given: Rectangular channel flow 
Find: Critical depth 
Solution: 1 
2° 149 ,,3,2 
Basic equations: Ye = q Q = ——-A-R ‘So 
g n 


For a rectangular channel of width By, = 2:mand depth y = 1.5-m we find from Table 11.2 


By 
A =Byy A = 3.00%" E 
Biy+2:y 
Manning's roughness coefficient is n = 0.015 and Sg = 0.0005 
2 1 
149 3.2 m. 
Q =——-A-R ‘So Q = 3.18.— 
n 5 
2 
Hence q= Y q = 1.59 
Bw 5 
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Yo = 0.528m 


Problem 11.28 


11.28 Compute the critical depth for the channel in Problem 11.2. 
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Rectangular channel flow 


Critical depth 


Given: 
Find: 


Solution: 


Basic equations: 


Given data: 


Hence 


Problem 11.29 [2] 


11.29 Rework Example 11.6 with discharges of 0, 25, 75, 125, 
and 200 cfs. 


216.30 F (ft) 
262.42 


Given: Rectangular channel 
Find: Plot of specific force curves 
Solution: 
Given data: B- 20 ft 
2 2 
Specific force: F = Q By 
gBy 2 
Specific Force, F (ft) 45 - —0O=0 
Q = Q= Q= Q= Q= ——Q = 25 cfs 

y (tt) 0 25 75 125 200 4.0 - ——Q = 75 cfs 
——Q = 125 cfs 
354  ——Q-200cfs 
| 06 | 360 | 522 | 1816 | 4404 | 10712 | 3.0 - 
os | 64 | 761 | 1732 | 3673 | 17 
2.5 - 
y (f) 
2.0 - 
15 - 
1.0 4 
0.5 - 
[ 30 | 90.00 | 902 | 9291 | 9809 | 107 | | کلام‎ VÀ 
O =U AO GU- By A00 120 2 NR Aay 

| 262.42 | 
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[2] 


(a) 


Pang contracta 


ey a ae cc 


Flow downstream of a sluice gate in a wide rectangular channel. 


E -E 
b 
Ax = s 
5-50 
n = 0.020 Sg = 0.003 
Vy = 9.295 
S 
R, = 0.457m 


2 
Vave” 
2 
3 
Rave 
Yb = 0.5-m 
Vi == 
Yb 
2 
Vb 
Ep = Yb + oe 
Ra + Ry 
Rave = 2 


Problem 11.30 


Vena contracta at a sluice gate 


Distance from vena contracta at which depth is 0.5 m 


R=y (Wide channel) S; = 


(Some equations from Example 11.7) 


Ya = 0.457-m 
V, = 10.22 

S 
E, = 5.73m 
Vave = 973 
Rp = Yb 
Sp = 0.101 
Ax = 8.40m 
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2 


ee eee 
2-8 


m 
q = 4.646.—— 
۷ - ٩ 
Ya 
2 
Va 
E, = Ya + 28 
Va + Vb 
Vave = 2 
Ra = Ya 
2 
Vave? 
Sf = 5 
3 
Rave 
E, - Ep 
Ax = a 
5-56 


11.30 Resolve Example 11.7 for a channel bed slope of 0.003. 


Given: 
Find: 


Solution: 


Basic equations: 


Given data: 


Hence we find 


Then 


and 


Then 


Finally 


Problem 11.31 [4] 


11.31 Once again consider the trapezoidal channel in Problem 
11.8 with a dam placed in the channel so that water backs up to a 
depth of 5 ft immediately behind the dam. How far upstream 
would you expect the depth to be 4.80 ft? Consider an energy cor- 
rection coefficient of 1.1. 


Given: Data on trapezoidal channel and dam 
Find: Location upstream at which depth is 4.80 ft 
Solution: 

: ; 2 2 
Basic equations: V1 V2 

Ay +| — -— 2 
2g 2g n.V - 
From Example 11.7 Ax = and Sp = سو‎ (note the factor 1.49 because this is 
So - 5r 2 not SI units) 
1.49-R ? 
1 ie 

The given data is: By = 20-ft Z= 7 Sg = 0.0016 n= 0.025 Q= "s yq = 5ft yo = 76 


2 


We need to modify the specific energy equation to allow for the emergy correction coefficient (Section 8-6): instead of mo the kinetic 
8 


2 
energy per unit weight is کي‎ where د‎ = 1.1 


۷ : M " 
1 2 
Hence Ax = 8 8 
So = Sf 
We need to obtain terms on the right Sg = 0.0016 a= 1.1 Ay = y1-Y2 Ay — 0.200 ft 
(Bw + zy)y 
We will need (Table 11.2) A = (By + zyyy R- 
By ٢ 2۰7-1 ۰72 
ft 
Then V4 = ME V4 - a TO V4 = 3.56 — 
Ay (Bw + 2:y1):y 5 
ft 
2 = Nuus بي‎ Vet 
Ap (Bw + zy2)Y2 5 


For Sf we use averages for V and R (as in Example 11.7) 


VV ni 
= ۷ =1.11— 


and V = 
ave 2 ave : 


Bs 8 = 3.61ft Ry (Bw + 2-Y2)y2 


= —— Rə = 3.50ft 
By + 2۰7۰ 1-z By 2:yoN 192 
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Rivé Rave = 3.55-ft 
2 
Vaven 
Then St = Sf = 0.000687 
2 
1.49-Rave 
2 2 
V1 ۷2 
Ay +Q pr = pr 
Finally Ax = i RC. Ax = 197ft 
So - Sf 
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Problem 11.32 [2] 


11.32 A rectangular channel carries a discharge of 10 ft/sec per 
foot of width. Determine the minimum specific energy possible 


for this flow. Compute the corresponding flow depth and speed. + 


Given: Data on rectangular channel 
Find: Minimum specific energy; Flow depth; Speed 
Solution: 
y? 
Basic equation: E = y+ 5s (11.14) 
8 


In Section 11-2 we prove that the minimum specific energy is when we have critical flow; here we rederive the minimum energy point 


3 


ft 
: Q 5 
For a rectangular channel Q=VByy or V = — with — = 10-— = constant 
Bwy Bw ft 
2 2 
Hence, using this in Eq. 11.14 E=y+ E = = y+ 9 5 = 
Bwy 8 
w 2۰ :8)y 1 
3 
2 2 
E is a minimum when = =1= Q = =0 or y= Q y = 1.46-ft 
dy 2 | 3 2 
1 1 
2 3 g 3 
Note that from Eq. 11.22 we have Ye = اګ‎ - which is the same result we derived 
w 
e : Q ft 
The speed is then given by V = — V = 6.85:— 
Bwy 5 
Note that from Eq. 11.20 we also have V = yg- D where D is the hydraulic depth D=y V=ygD V= 6.5 
5 
2 
The minimum energy is then Emin = Y + 28 Emin = 2-19-ft 
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Problem 11.33 [3] 


11.33 Flow in the channel of Problem 11.32 (Emin = 2.19 ft) is B 
to be at twice the minimum specific energy. Compute the alternate "E 
depths for this E. " 
لج نما‎ 
Given: Data on rectangular channel 
Find: Depths for twice the minimum energy 
Solution: 
y? 
Basic equation: E = y+ Ta (11.14) 
8 
ft 
For a rectangular channel Q=V-Byy or V= me with em = 10-— = constant 
Bwy Bw ft 
QYi pg 
Hence, using this in Eq. 11.14 E = y+ En) EF =y+ 3 and E = 2:2.19-ft E = 4.38-ft 
wy 8 2-87 8) y 
o |1 
We have a nonlinear implicit equation for y y + و و‎ E 
2 By g] y 


This is a nonlinear implicit equation for y and must be solved numerically. We can use one of a number of numerical root finding 
techniques, such as Newton's method, or we can use Excel's Solver or Goal Seek, or we can manually iterate, as below. We start with 
a y larger than the critical, and evaluate the left side of the equation so that it is equal to E = 4.38ft 


2 2 
1 
For y = 2-ft y + Q .— = 2,39-ft For y = 4ft y+ TE. = 4,10-ft 
2 2 2 
2-3 °g] y 2-By 8) y 
2 2 
1 1 
For y =45ft y+ Q ls 4.58-ft For y = 4.30.1 y+ Q 3 4.38-ft 
2-By 8) Y 2 By 8) Y 
Hence y = 4.3-ft 
For the shallow depth 
2 2 
1 1 
For y = 1 ft yt Q -— = 2.55-ft For y= 05ft y+ Q -— = 6.72-ft 
2 2 2 2 
2 2 
1 1 
For y =06-ft y+ Q ls 4.92-ft For y = 0.65-ft y+ Q gem 4.33-ft 
d E 
For y = 0.645-ft y + a = 4.38-ft Hence y = 0.645-ft 
2-By 8) y 
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Problem 11.34 [3] 


11.34 Water flows at 300 ft'/sec in a trapezoidal channel with 
bottom width of 8 ft. The sides are sloped at 2:1. Find the critical 
depth for this channel. 


Given: Data on trapezoidal channel 
Find: Critical depth 
Solution: 
y? 
Basic equation: E = y+ 5s (11.14) 
8 


In Section 11-2 we prove that the minimum specific energy is when we have critical flow; here we rederive the minimum energy point 


For a trapezoidal channel (Table 11.2) A = (Bw + zyyy and By = 1 z = 05 

Q Q f° 
Hence for V V> and Q = 300-— 

A (Bw + zy) y S 

T a 71 
Using this in Eq. 11.14 E = y+ کا‎ 
(Bw+zy)y 2-8 
2 2 
E is a minimum when م 8 ف‎ 
y gy ‘(By +y2) gy (By + yz) 
Hence we obtain for y LX LS 4 A E 1 Or — CE E 1 
gy ‘(By + yz) gy ‘(By + yz) gy ‘(By + yz) 


This is a nonlinear implicit equation for y and must be solved numerically. We can use one of a number of numerical root finding techniqu 
such as Newton's method, or we can use Excel's Solver or Goal Seek, or we can manually iterate, as below, to make the left side equal unity 


(By + 2-y:2) Q^(B, + 2-y:2) 


y = 1 7 im 41 y = 5-ft : a 0.251 
gy (Bw + yz) gy (Bw + yz) 
2 2 
y = 3-ft A = 1.33 y = 3.5-ft S) — 0.809 
gy (Bw + yz) gy (Bw + yz) 
2 
y = 3.25-ft a !ایو‎ = 1.03 y = 3.28-ft SEU) = 0.998 
gy (Bw + yz) gy (Bw + yz) 


The critical depth is y = 3.28-ft 
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[2] 


Problem 11.35 


11.35 For a channel of nonrectangular cross section, critical depth 
occurs at minimum specific energy. Obtain a general equation for 
critical depth in a triangular channel in terms of Q, g, and z. 


(11.14) 
A= zy. 
وون سي‎ 
A 2 
zy 
2 
zy.) 78 
2 
B -42L -0 
dy z.y ^8 
1 
5 
[297 
ya سی‎ 
Z +g 
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Given: Triangular channel 
Find: Critcal depth 
Solution: 

2 


Basic equation: E = y+— 
2-8 


For a triangular channel (Table 11.2) 


Hence for V 


Using this in Eq. 11.14 


E is a minimum when 


Hence we obtain for y 


Problem 11.36 [2] 


11.36 For a channel of nonrectangular cross section, critical depth 
occurs at minimum specific energy. Obtain a general equation for 
critical depth in a channel of trapezoidal section in terms of Q, g, 


Bw and z. 
Given: Trapezoidal channel 
Find: Critcal depth 
Solution: 
y? 
Basic equation: E = y+ pue (11.14) 
8 


The critical depth occurs when the specific energy is minimized 


For a trapezoidal channel (Table 11.2) A = (By + zy)-y and By = 8-ft Zz = 0,5 

9 9 f° 
Hence for V V = = = and Q = 300.— 

A (By, + zy) M S 

2 
: - Q 1 
Using this in Eq. 11.14 E=y+ | -—— 
(By + zy)-y 2-8 
2 2 
E is a minimum when A lc 8 0 
y gy (By * yz) gy (Bw +y2) 
2 2 

Hence we obtain for y "CL د‎ 4 TEC NA =1 


2 
This can be simplified to Q (Bw i 2-y-2) 1 


This expression is the simplest one for y; it is implicit 
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Problem 11.37 [2] 


11.37 Consider the Venturi flume shown. The bed is horizontal and ———— 


flow may be considered frictionless. The upstream depth is 1 ft and by =2 tt bo =1ft 
the downstream depth is 0.75 ft. The upstream breadth is 2 ft and the 17 2= 
breadth of the throat is 1 ft. Estimate the flow rate through the flume. 


Elevation view 


Given: Data on venturi flume 
Find: Flow rate 
Solution: 
2 
l Pp V1 P V2 ee? 
Basic equation: — +— +y,=— +— ما‎ The Bernoulli equation applies because we have steady, incompressible, 
pg 2g pg 2g frictionless flow 
At each section Q=VA=V-by or V= 2 
y 
The given data is b, = 2ft y1 = ift b, = 1ft y) = 0.75-ft 
2 2 
Im. Q 
ee : bid baya 
Hence the Bernoulli equation becomes (with p1 = P2 = Patm) = +y] = = * yo 
fe 
Solving for Q Q= Q = 324 — 
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Problem 11.38 


11.38 A rectangular channel 10 ft wide carries 100 cfs on a hori- 

zontal bed at 1.0 ft depth. A smooth bump across the channel rises 
4 in. above the channel bottom. Find the elevation of the liquid 
free surface above the bump. 


The Bernoulli equation applies because we have steady, 
2g incompressible, frictionless flow. Note that at location 2 (the 


Data on rectangular channel and a bump 


Elevation of free surface above the bump 


2 2 
P1 V4 P2 V2 
EL +y, = —+—+y97 
2-8 1 pg 2 


ps 


bump), the potential is y? + h, where h is the bump height 


2 
5 and noting that p, = p? = Patm the Bernoulli equation becomes Ej = Ej +h 
8 
= z _ Q 
Q= V-A = V-by or Vent 
b-y 
fe 
b = 10-ft y, = lft h = 4-in Q = 100-— 
5 
ft 
V1 = Q V = 10-— 
by, 5 
vu 
2 
V5 o? o? 
c CE ویر‎ +y2+h or E +y =E,-h 


Given: 
Find: 


Solution: 


Basic equation: 


Recalling the specific energy E = 2 +y 


At each section 


The given data is 


Hence we find 


and 


Hence 


This is a nonlinear implicit equation for y? and must be solved numerically. We can use one of a number of numerical root finding 
techniques, such as Newton's method, or we can use Excel's Solver or Goal Seek, or we can manually iterate, as below. We select y2 


2 + y» = 2.19-ft 


+ y) = 


2 


2 


څې 


2 


y» = 1.30-ft 
Fr» = 1.19 


y ey» 


so the left side of the equation equals Eq —h = 2.22-ft 


El 
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2 
For y) = ift 3 + Yo = 2.55-ft For 
Q? 
For y) = 1.4-ft + y» = 2.19-ft For 
Hence 
Note that Vo = A Vo= 7.69. 
by» S 
Vi V2 
so we have Fry = Fr, = 1.76 and Fr) = —= 


Problem 11.39 [3] 


11.39 A rectangular channel 10 ft wide carries a discharge of 20 
ft*/sec at 0.9 ft depth. A smooth bump 0.2 ft high is placed on the 
floor of the channel. Estimate the local change in flow depth 
caused by the bump. 


Given: Data on rectangular channel and a bump 
Find: Local change in flow depth caused by the bump 
Solution: 
2 2 
Py اس‎ P2 ۷2 
Basic equation: — +— ري باي وس ي — = )ال‎ The Bernoulli equation applies because we have steady, 
pg 28 pg 28 incompressible, frictionless flow. Note that at location 2 (the 
bump), the potential is y? + h, where h is the bump height 
y? 
Recalling the specific energy E = p +y and noting that p, = p? = Patm the Bernoulli equation becomes Ej = Ej +h 
8 
At each section Q = V.A = ۷۰-7 or V= 2 
X 
fe 
The given data is b = 10-ft y, = 0.9-ft h = 0.2-ft Q = 20-— 
5 
Hence we find Va = Q Vi = 9.29.4 
by, 5 
vu 
8 
M y o? 42 
Hence وای‎ gg eg A or — 5 999 pem 
8 


This is a nonlinear implicit equation for y? and must be solved numerically. We can use one of a number of numerical root finding 
techniques, such as Newton's method, or we can use Excel's Solver or Goal Seek, or we can manually iterate, as below. We select y2 


so the left side of the equation equals E — h = 0.777-ft 


Q Q 
For y) = 0.9-ft — 3 3 + y) = 0.977-ft For y) = 0.5-ft — 3 3 + y) = 0.749-ft 

Q Q 
For ya =0.6ft — — >— typ 2 0.773-ft For ya = 0.61-ft — 7 + yp 2 0.777-ft 

Y2 7 Y1 
Hence y) = 0.61-ft and = -32.2% 
J1 
Note that Vo = Q Vo= 325. 
b-y5 5 
۷ Ya 

so we have Fry = Fr, = 0.41 and Fry = —— Fr, = 0.74 
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Problem 11.40 [3] 


11.40 Ata section of a 10-ft-wide rectangular channel, the depth 
is 0.3 ft for a discharge of 20 ft'/sec. A smooth bump 0.1 ft high کا‎ 
placed on the floor of the channel. Determine the local change in 
flow depth caused by the bump. 


Given: Data on rectangular channel and a bump 
Find: Local change in flow depth caused by the bump 
Solution: 
2 2 
Pro V1 P2 V2 
Basic equation: — +— +y] = — ري باي وسر ي‎ The Bernoulli equation applies because we have steady, 
pg 28 pg 28 incompressible, frictionless flow. Note that at location 2 (the 
bump), the potential is y? + h, where h is the bump height 
y? 

Recalling the specific energy E = p +y and noting that p, = p? = Patm the Bernoulli equation becomes Ej = Ej +h 

8 
At each section Q = V.A = ۷۰-7 or V= 2 

y 
کې‎ 
The given data is b = 10-ft y1 = 0.3-ft h = 0.1-ft Q = 20-— 
5 
Hence we find Va = Q Vi = 6.67.42 
by, 5 
vu 
8 
M y o? 42 

Hence وای‎ TE a a ند‎ or — 5 999 pem 

8 


This is a nonlinear implicit equation for y? and must be solved numerically. We can use one of a number of numerical root finding 
techniques, such as Newton's method, or we can use Excel's Solver or Goal Seek, or we can manually iterate, as below. We select y2 
so the left side of the equation equals E, — h = 0.891-ft 


o? ^ 
For Yo = 0.3-ft — Fo + y) = 0.991. ft For Yo = 0.35-ft — o8 + y) = 0.857-ft 

o o? 
For Yo = 0.33-ft مت‎ + y) = 0.901-ft For y) = 0.334-ft نت‎ AS + y) = 0.891-ft 

Y2 7 Y1 
Hence y) = 0.334-ft and = 11.3% 
11 
Note that V = Q V= 5.99. É 
b-y5 5 
۷ Ya 

so we have Fry = Fr, = 2.15 and Fry = —— Fr, = 1.83 
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Problem 11.41 [3] 


11.41 Water, at 3 ft/sec and 2 ft depth, approaches a smooth rise 
in a wide channel. Estimate the stream depth after the 0.5 ft rise. 


Given: Data on wide channel 
Find: Stream depth after rise 
Solution: 
2 2 
ار‎ Vi P2 V2 
Basic equation: — +— +y1 = — +-—— ري باي‎ The Bernoulli equation applies because we have steady, 
pg 2g pg 2g incompressible, frictionless flow. Note that at location 2 (the 
bump), the potential is y, + h, where h is the bump height 
y? 
Recalling the specific energy E = Fa +y and noting that p, = p? = Patm the Bernoulli equation becomes Ej = Ey +h 
8 
l yl 
At each section Q = V-A = Vy:b:y¡ = ۷٧٧۰72 Vo = Vy— 
y2 
y ; ft 
The given data is y, = 1 Vy = 3— h = 0.5-ft 
5 
٠ 
Hence E = pe + y1 E, = 2.14-ft 
8 
vy Vip 1 Vive 1 
Then E =E3+h = — *yo*h- > ری اي‎ or 0— ږې‎ =E¡-h 
yo Y2 


This is a nonlinear implicit equation for y? and must be solved numerically. We can use one of a number of numerical root finding 
techniques, such as Newton's method, or we can use Excel's Solver or Goal Seek, or we can manually iterate, as below. We select y2 
so the left side of the equation equals Eq — h = 1.64-ft 


252 2. 2 
VY | Viy 1 
yo رل‎ 
2 . 2 2 -2 
yo 72 
Hence y) = 1.31-ft 
11 ft 
Note that Va=Vi— V= 458. — 
J2 5 
۷ va 
so we have Fry = Fr, = 0.37 and Fry = —— Fry = 0.71 
8Y1 8Y2 
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Problem 11.42 [2] 


11.42 Water issues from a sluice gate at 0.6 m depth. The dis- == 
charge per unit width is 6.0 m*/sec/m. Estimate the water level far 
upstream where the flow speed is negligible. Calculate the maxi- 
mum rate of flow per unit width that could be delivered through 
the sluice gate. 


Given: Data on sluice gate 
Find: Water level upstream; Maximum flow rate 
Solution: 
2 2 
ار‎ Vi P2 V2 
Basic equation: — +— ري باي وس ي — = )ال‎ The Bernoulli equation applies because we have steady, 
pg 2g pg 2g incompressible, frictionless flow. 


Noting that py = p2 = Patm and V is approximately zero (1 = upstream, 2 = downstream) the Bernoulli equation becomes 


Ys 
=— + 
11 ھ.2‎ y» 
2 
The given data is 2 = 6.0— y) = 0.6-m 
5 
Q m 
Hence Q = Vy A, = Vy by» or Vo = — V = 10— 
0۰72 5 
Y 
Then upstream y1 = ES + y2 y1 = 5.70m 
8 


The maximum flow rate occurs at critical conditions (see Section 11-2), for constant specific energy 


In this case V= V= gc 
2 
H find Ve &Yc 3 
ence we fin eL Rc a = Za 
Y1 2.g Yc 2g Yc 2 Ye 
H 2 m 
ence Ye = 2 Yo = 3.80m Ve = JEY Ve- G10 
3 
m 
Q Q 5 f 
TRAE == = 23.2 — (Maximum flow rate) 
b cc b m 
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Problem 11.43 [2] 


11.43 A horizontal rectangular channel 3ft wide contains a جو‎ 
sluice gate. Upstream of the gate the depth is 6 ft; the depth down- 
stream is 0.9 ft. Estimate the volume flow rate in the channel. 


Given: Data on sluice gate 
Find: Flow rate 
Solution: 
2 2 
f : P V1 P V2 Wm : 
Basic equation: — +— ري باي وسر ي — = )ال‎ The Bernoulli equation applies because we have steady, 
Pg 2g Pg 2g incompressible, frictionless flow. 


Noting that p4 = p» = Patm (1 = upstream, 2 = downstream) the Bernoulli equation becomes 


Yt V2 
— +y = — + 
2g 31775 E 2 
The given datais b = 3-ft y1 = 6ft y) = 0.9-ft 
Also Q-V.A SO Vig Q and V = Q 
b y1 0-72 
2 2 
a E 
Using these in the Bernoulli equation by, by? 
"ul tS ee o 
2g 2-8 
کې‎ 
Solving for Q Q = Q = 49.5 — 
5 
ft Mi 
Note that V4 = E: V4 = 2.75— Fry = Fry = 0.198 
by, > 81 
۷ 
2 
Vo = Em Vo = 18.3— Fr; = === Fry = 3.41 
by» gy» 
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[4] 


Problem 11.44 


11.44 Consider a 2.45-m-wide rectangular channel with a bed 
slope of 0.0004 and a Manning's roughness factor of 0.015. A 
weir is placed in the channel and the depth upstream of the weir is 
1.52 m for a discharge of 5.66 m/s. Determine if a hydraulic 
jump forms upstream of the weir. 


Given: Data on rectangular channel and weir 
Find: If a hydraulic jump forms upstream of the weir 
Solution: 1 
i nia 2 
Basic equations: Q = —AR -So Ye = a 
n 8 


Note that the Q equation is an "engineering" equation, to be used without units! 


For a rectangular channel of width B,, = 2.45-m and depth y we find from Table 11.2 


Bwy 2.45. 
A=By-y = 2457 لچ‎ Toy 
Byt2y 2.45 7 
x 
and also n = 0.015 and Sg = 0.0004 Q = 5.66: — 
5 
2 
2 1 = 1 
Hence Q= LARS. ٠ = ——-2.45-y- Edo 0.00047 = 5.66 (Note that we don't use units!) 
n 015 2.45 + 7 
5 5 
3 3 
Solving for y y = L- ee or E = 0.898 
2 1 2 
(2.45 + 2- y) ? .0004?.2,54.2.54? (2.54 + 2-y) ? 


This is a nonlinear implicit equation for y and must be solved numerically. We can use one of a number of numerical root finding techniqu 
such as Newton's method, or we can use Excel's Solver or Goal Seek, or we can manually iterate, as below. We start with the given depth 


5 5 
3 3 
For y-152 (m) E - 9 For y=2 (m) 4 = 0.908 
3 3 
(2.54 + 2-y) (2.54 + 2-y) 
5 5 
3 3 
Fo y=195 (m) E =0.879 For y=198 (m) E = 0.896 
3 3 
(2.54 + 2-y) (2.54 + 2-y) 
y = 1.98 (m) This is the normal depth. 
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2 2 
We also have the critical depth: q = Am q- 2.31 yc = (E) Yo = 0.816m 
B 5 


Hence the given depth is 1.52 m > ye, but 1.52 m < yp the normal depth. This implies the flow is subcritical (far enough upstream it is dep 
1.98 m), and that it draws down to 1.52 m as it gets close to the wier. There is no jump. 
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Problem 11.45 [2] 


11.45 A hydraulic jump occurs in a rectangular channel 4.0 m 
wide. The water depth before the jump is 0.4 m and after the jump 
is 1.7 m. Compute the flow rate in the channel, the critical depth, 
and the headloss in the jump. 


Given: Data on rectangular channel and hydraulic jump 
Find: Flow rate; Critical depth; Head loss 
Solution: 1 
2 2 3 
Basic equations: LONE ( 1+ |1 وو‎ د١‎ A Hı = E, -E y 2 y 2 7 د‎ 
d oy اي‎ SEMI ]-1- 999 YT ست‎ D Ta 
y 2 2-g 2g ° lg 
The given data is b = 4m y1 = 0.4m y) = 1.7-m 
| 2 y2 
We can solve for Fr, from the basic equation 1-8F =1+2— 
ړ11‎ 
Mi 
Fr = 3.34 and Fn == 
1 8Y1 
m 
Hence V = Fry: /8: V4 = 6.62— 
1 1/8Y1 1 " 
mE : ٧ 
Then Q = Vi by, Q = 10.6.— q= T q = 2.65 — 
5 
1 
2 3 
The critical depth is — y, = de Yo = 0.894m 
8 
۷ 
2 
Also ye V = 1.56— iy = —— Fry = 0.381 
by» : gy2 
2 2 
Vi V2 
The energy loss is Hı = + —— و‎ —— H, = 0.808m 
Sy 11> , Y2* , 1 
3 
(2751) 
Note that we could use the result of Example 11.9 H = Hj = 0.808m 
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Fry = 3.53 


Fr, = 0.368 


V2 
Y) t 28 
V1 
Fry = —— 
8Y1 
y2 = 4.51ft 
V2 
Fr = —— 
gy» 
Hj = 2.40ft 
Hj = 2.40ft 


Problem 11.46 


11.46 A wide channel carries 20 6 per foot of width at a 
depth of 1 ft at the toe of a hydraulic jump. Determine the depth 
of the jump and the head loss across it. 


Data on wide channel and hydraulic jump 


H = دوب‎ 


ft 
V, = 20.0— 


ft 
Vo = 443 a 


Jump depth; Head loss 


= Ha + | 1+ T) 
2 


72 


J1 


e 
11 2 
12 = 2 (a + /1 + 8-Fry ) 
EN 
V4 V2 
Hı = En لم‎ 
11"> E 2*7 E 


Given: 
Find: 


Solution: 


Basic equations: 


The given data is 


Also 


Hence 


Then 


The energy loss is 


Note that we could use the result of Example 11.9 
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Problem 11.47 [1] 


11.47 A hydraulic jump occurs in a wide horizontal channel. 
The discharge is 30 ft/sec per foot of width. The upstream depth 
is 1.3 ft. Determine the depth of the jump. 


Given: Data on wide channel and hydraulic jump 
Find: Jump depth 
Solution: 
y 
Basic equations: = = Ha + | 1+ T) 
y 2 
ft 
; : Q 5 
The given data i; — = 30— yı = 1.3-ft 
b ft 
Also Q = ۷۰۵۸ = V-by 
۷ 
1 
Hence Vi = ME 231 Fry = —— Fry = 3.57 
11 2 
Then y) = 5 -1 + 1+ 8-Fry y) = 5.94 ft 
ft V2 
Note: Vo = E Vo = 5.05— Fr» = س‎ Fry = 0.365 


b-y) 5 Jex 
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Problem 11.48 [2] 


11.48 A hydraulic jump occurs in a rectangular channel. The 
flow rate is 200 ft/sec, and the depth before the jump is 1.2 ft. 
Determine the depth behind the jump and the head loss, if the 
channel is 10 ft wide. 


Given: Data on wide channel and hydraulic jump 
Find: Jump depth; Head loss 
Solution: 
2 2 
Basic equations: zl ( 1+ |1 وو‎ د١‎ 2 H)=E,-E yq + 1 y+ 2 
. "ub EE il ]17-9517727|À*74-7] 2 نه‎ 
کې‎ 
The given data is Q = 200.— b = 10-ft yi = 12ft 
S 
Also Q = V-A = V. by 
ft Vi 
Hence Vi = Y V4 = 167.— Fn = —— Fry = 2.68 
11 2 
Then y) = 5 -1 [1-8 Fr4 y) = 3.99-ft 
ft V2 
Vo = ES Vo = 5.01.— Fr» = —— Er» = 0.442 
b-y2 > £y» 
V V 2 
The energy loss is Hı = pos و‎ H; = 1.14-ft 
1 ET 2° 8 [== 
(2-1) 
Note that we could use the result of Example 11.9 11 = pr Hy = 1.14-ft 
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Problem 11.49 [2] 


11.49 The hydraulic jump may be used as a crude flow meter. 
Suppose that in a horizontal rectangular channel 5 ft wide the ob- 
served depths before and after a hydraulic jump are 0.66 and 3.0 
ft. Find the rate of flow and the head loss. 


Given: Data on wide channel and hydraulic jump 
Find: Flow rate; Head loss 
Solution: 
2 2 
Basic equations: PONE ( 1+ |1 +8-Fr H = E, -E yq + 1 y+ 2 
ME rue AT VI ]17-9517727|À*74-7] (2*5 
The given data is b = 5-ft yı = 0.66-ft y) = 3.0-ft 
2 y2 
We can solve for Fr, from the basic equation 1-8F -1-2— 
11 
V4 
Fry = 3.55 and Fry = س‎ 
1 81 
ft 
Hence V4 = Fry: 871 V4 = 16.4.— 
S 
کې‎ 
Then Q = Vi by, Q = 54.0 — 
S 
ft V2 
Also V) = 2 Vo = 3.60.— Fr) = —— Fry = 0.366 
رو‎ 5 872 
2 2 
Yi V2 
The energy lossis Hj = + —— + —— H, = 1.62-ft 
8y 1 J1 2-8 J2 2g 1 
(2-1) 
Note that we could use the result of Example 11.9 Hı = prre Hj = 1.62-ft 
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Problem 11.50 [2] 


11.50 A hydraulic jump occurs on a horizontal apron down- 
stream from a wide spillway, at a location where depth is 0.9 m 
and speed is 25 m/sec. Estimate the depth and speed downstream 
from the jump. Compare the specific energy downstream of the 
jump to that upstream. 


Given: Data on wide spillway flow 
Find: Depth after hydraulic jump; Specific energy change 
Solution: 
2 2 
Basic equations NE ( 1+/1+8-F 2) اوا‎ = E, -E y4 + M y) + 2 
1 prc iss دس‎ oS perpe cuore ane 
y 2٤٢ ا‎ : uiis 2g 2g 
: ; m 
The given data is y1 = 0.9-m V4 = 25— 
5 
Ya 
Then Fr; is Fry = Fry = 8.42 
871 
11 2 
Hence y) = re -1 + 1-8-7 y) = 10.3m 
J1 m 
J2 5 
va 
For the specific energies Eq = y+ E E, = 328m 
8 
V5 E2 
2-8 Ey 
The energy loss is Hj = E] - E) H = 22.3m 
3 
(2751) 
Note that we could use the result of Example 11.9 Hı = Em Hy = 22.3-m 
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Problem 11.51 [2] 


11.51 A hydraulic jump occurs in a rectangular channel. The flow 
rate is 6.5 m'/sec and the depth before the jump is 0.4 m. Determine 
the depth after the jump and the head loss, if the channel is | m wide. 


Given: Data on rectangular channel flow 
Find: Depth after hydraulic jump; Specific energy change 
Solution: 
2 2 
Basic equations: E ( 1+ | 1 + 8-Fr 2) H = E, -E y4 + M y) + 2 
: x tn 1 اس و داد سو‎ AI aa 
yy 2 2g 2g 
- 
The given data is yı = 0.4m b = 1m Q = 6.5— 
5 
8 m 
Then Q = Vo by, = ۷۰۷۰2 Vi = — V4 = 16.3— 
b-y, 5 
Vi 
Then Fr; is Fry = Fry = 8.20 
1 871 
ړ11‎ 2 
Hence y) = us -1 + 1-8-7 y) = 445m 
and we Vj = 146— 
by» 5 
yr 
For the specific energies Eq = y+ pen E, = 13.9m 
8 
2 
V2 
E h= E> = 4.55m 
2732 2g 2 
The energy loss is Hj = E] - E) Hj = 9.31m 
3 
(2751) 
Note that we could use the result of Example 11.9 H = د‎ Hj = 9.31-m 
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Problem 11.52 [3] 


11.52 A rectangular, sharp-crested weir with end contraction is Vo 
1.6 m long. How high should it be placed in a channel to maintain Zg Drawdown 
an upstream depth of 2.5 m for 0.5 10/5 flow rate? 


Given: Data on rectangular, sharp-crested weir 
Find: Required weir height 
Solution: 
3 
Basic equations: Q= Cao 2.g.B-H? where Cq = 0.62 and B'=B-0.1-n-H with n =2 
ae 
Given data: B = 1.6-m Q = 0.5.— 
5 
3 3 
Hence we find : 7 : 5 
Q= Coz V28B-H = Cg V28 — 0.1-n-H)-H 
3 
2 z 
Rearranging (B — 0.1-0-H)-H? = Q 


224 


This is a nonlinear implicit equation for H and must be solved numerically. We can use one of a number of numerical root finding techniqi 
such as Newton's method, or we can use Excel's Solver or Goal Seek, or we can manually iterate, as below. 


5 
The right side evaluates to AN = 0.273m? 
24 2-80 
3 5 3 5 
2 2 2 2 
For H = 1.m (B-0.1.1H))-H = 1.40m For H = 0.5-m (B-0.1.1-H)-H =0.530m 
3 5 3 5 
2 2 2 2 
For 1 = 0.3-m (B -0.1-1n-H)-H” = 0.253m For H = 0.35-m (B -0.1-n-H)H” = 0.317m 
3 5 3 5 
2 2 2 2 
For H = 0.31-m (B-0.1.n-H)H = 0.265m For H = 0.315-m (B-0.1.1-H))H = 0.272m 
3 
2 2 
For H = 0.316-m (B - 0.1-n-H)-H” = 0.273m H = 0.316m 
But from the figure H+P=2.5-m P = 25m-H P = 2.18m 
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Problem 11.53 [1] 


Drawdown 


11.53 Fora sharp-crested suppressed weir (C,, = 3.33) of length 
B = 8.0 ft, P = 2.0 ft, and H = 1.0 ft, determine the discharge | 
over the weir. Neglect the velocity of approach head. 


Given: Data on rectangular, sharp-crested weir 
Find: Discharge 
Solution: 

3 
Basic equation: Q = ووه‎ where Cy, = 3.33 and B = 8-ft P = 2-ft H = 1-ft 
Note that this is an "engineering" equation, to be used without units! 

: 3 

2 ft 

Q= د‎ Q=266 = 
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Problem 11.54 [3] 


11.54 A rectangular sharp-crested weir with end contractions is ve 
1.5 m long. How high should the weir crest be placed in a channel 27 Drawdown 
to maintain an upstream depth of 2.5 m for 0.5 m/s flow rate? 


Given: Data on rectangular, sharp-crested weir 
Find: Required weir height 
Solution: 
3 
Basic equations: Q= CoS Tena where Cq = 0.62 and B'=B-0.1-n-H with n =2 
m? 
Given data: B = 1.5m Q = 0.5.— 
5 
3 3 
Hence we find : 3 : E 
3 
= z 
Rearranging (B — 0.1-n-H)-H? = Q 


2-2-0 


This is a nonlinear implicit equation for H and must be solved numerically. We can use one of a number of numerical root finding techniqi 
such as Newton's method, or we can use Excel's Solver or Goal Seek, or we can manually iterate, as below. 


5 
The right side evaluates to AN = 0.273-m? 
24 2-80 
3 5 3 5 
2 2 2 2 
For H = 9 (B-0.1-1:H))H = 1.30-m For H = 0.5-m (B —-0.1-n-H)-H = 0.495-m 
3 5 3 5 
2 2 2 2 
For H = 0.3-m (B —0.1-n-H)-H™ = 0.237-m For H = 0.35-m (B -0.1-n-H)-H” = 0.296:m 
3 5 3 5 
2 2 2 2 
For H = 0.34-m (B-0.1.n-H)H = 0.284-m For H = 033m (B-0.1.n-H)H = 0.272-m 
3 5 
For H = 0.331-m (B- 0.1--H)-H? = 0.273-m? H = 0331m 
But from the figure H+P=2.5-m P = 25m-H P = 2.17m 
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Problem 11.55 [1] 


11.55 Determine the head on a 60° V-notch weir for a discharge ve 
p Drawdown 


of 150 l/s. Take Cy = 0.58. 


Given: Data on V-notch weir 
Find: Flow head 
Solution: 
5 
8 0 2 L 
Basic equation: Q = Cq 7 v28tan 5i -H where Cg = 0.58 0 = 60-deg Q = 150-— 
5 
2 
5 
H = — 1 = 0.514m 
dis B 
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Problem 11.56 [1] 


11.56 The head on a 90° V-notch weir is 1.5 ft. Determine the ve 
discharge. [z Drawdown 
Given: Data on V-notch weir 
Find: Discharge 
Solution: 
5 
Basic equation: Q= ٩ where 1 = 1.5-ft Cy = 2.50 for 0 = 90-deg 


Note that this is an "engineering" equation in which we ignore units! 


۵ 
1 


د 689 کې = Q‏ 
5 
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[1] 


Drawdown 


= 180-mm 


= 1,45 


Problem 11.57 


11.57 Determine the weir coefficient of a 90° V-notch weir for a 
head of 180 mm for a flow rate of 20 l/s. 


Given: Data on V-notch weir 
Find: Weir coefficient 
Solution: 
5 
Basic equation: Q = Cy H * where H 


Note that this is an "engineering" equation in which we ignore units! 
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[2] 


Problem 12.1 
12.1 An air flow in a duct passes through a thick filter. What 
happens to the pressure, temperature, and density of the air as it 
does so? Hint: This is a throttling process. 
Given: Air flow through a filter 
Find: Change in p, T and p 
Solution: 
Basic equations: hy —hy = )ې‎ - T1) p-pRT 
Assumptions: 1) Ideal gas 2) Throttling process 
In a throttling process enthalpy is constant. Hence hy —h, =0 so T5-T4-0 Or T = constant 


The filter acts as a resistance through which there is a pressure drop (otherwise there would be no flow. Hence رم‎ p4 


Py Pp ا11‎ {P2 P2 
From the ideal gas equation — = ——— so Py = Py] — || ام = | س‎ Hence P2 < P1 
P2 quota T2 j (P1 P1 
i T2 P2 
The governing equation for entropy is As = cpn — |- R-ln| — 
Ti P1 
P2 P2 
Hence As = —R-In| — and —«1 SO As >0 
P1 P1 


Entropy increases because throttling is an irreversible adiabatic process 
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Problem 12.2 [2] 


Gwen: SNeodu Saw M. a Nae Ae ors CE مه‎ 
س چ‎ Mb Pur Ne = SOX (2,5 a Xe. 


Find: EN Mean Me S کا‎ un Srs 
WY nc PTOS C^ a Vo dias aro 


Oey,‏ یتو 
EN 3 Sene EN We EVA ARS‏ د د د = Mya m Cay SS N‏ کیا 
tx. = man, Lo GN OC Ea (- $559) = 7403 Rs lka‏ 


Ss couide Me SN Sange OW, Se. We Vas مسقصرۍ‎ 
Vass عمه‎ ARE Coat - Y E 
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Problem 12.3 


12.3 A vendor claims that an adiabatic air compressor takes in 
air at standard atmosphere conditions and delivers the air at 650 
kPa (gage) and 285°C. Is this possible? Justify your answer by 


T4 = (20+273)-K 
T5 = (285 + 273)-K 


J 
R = 287-—— 


kg K 


As = 710—— 
kg.K 


As>0 


Temperature T 


Entropy s 


calculation. Sketch the process on a Ts diagram. 


Given: Data on an air compressor 
Find: Whether or not the vendor claim is feasible 
Solution: 


E : 15 02 
Basic equation: As = cy In — | R-ln| — 
1 P1 


The data provided, or available in the Appendices, is: 


pı = 101-kPa 

P2 = (650 + 101)-kPa 
C= 1004. 

٢ kg.K 


T) P2 
Then AS = cpn — - R-ln| — 
Ty Py 


The second law of thermodynamics states that, for an adiabatic process 


As > 0 or for all real processes 


Hence the process is feasible! 
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Problem 12.4 [2] 


12.4 What is the lowest possible delivery temperature generated 
by an adiabatic air compressor, starting with standard atmosphere 
conditions and delivering the air at 100 psig? Sketch the process 
on a Ts diagram. 


Given: Adiabatic air compressor 
Find: Lowest delivery temperature; Sketch the process on a Ts diagram 
Solution: 
: : 2 P2 
Basic equation: As = cpn — | -R In| — 1-k 
"n 2l ES 
P1 
The lowest temperature implies an ideal (reversible) process; it is also adiabatic, so As = 0, and ادو‎ m 
The data provided, or available in the Appendices, is py = 14.7-psi P2 = (100 + 14.7): psi T4 = (68 460) R k = 1.4 
1-k 
k 
P1 

Hence T5 = Ty — T5 = 950R T> = 7 

2 1 2 2 

P2 

The process is = 

» + 

5 

w 

+ د 

a 

= 

D + 

- 

+—_+—_+—_+— 
Entropy s 
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[2] 
(First law - closed system) Au = c, AT 
or for an Ideal gas ^ AT-0 Ty=Ty 
so لد‎ 
021 
so E 
P2 2 P1 


po = 100-kPa 


so entropy increases (irreversible adiabatic) 


Problem 12.5 


12.5 A test chamber is separated into two equal chambers by a 
rubber diaphragm. One contains air at 20°C and 200 kPa (abso- 
lute), and the other has a vacuum. If the diaphragm is punctured, 
find the pressure and temperature of the air after it expands to fill 
the chamber. Hint: This is a rapid, violent event, so is irreversible 
but adiabatic. 


Given: Test chamber with two chambers 

Find: Pressure and temperature after expansion 

Solution: 

Basic equation: p-pRT Au-q-w 
Assumptions: 1) Ideal gas 2) Adiabatic 3) No work 

For no work and adiabatic the first law becomes Au=0 


We also have M = p- Vol = const and Vol) = 2-۷11 


p P2 T 
From the ideal gas equation ER = سو سنا‎ = E 
pj (Tj 2 
: 200-kPa 
Hence T; = 7 p, = دګ د‎ 
T) P2 1 
Note that As = C.:In| — | — R-In} — | = —R-In| — | = 0.693-R 
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Problem 12.6 [2] 


12.6 An automobile supercharger is a device that pressurizes the 
air that is used by the engine for combustion to increase the engine 
power (how does it differ from a turbocharger?). A supercharger 
takes in air at 70°F and atmospheric pressure and boosts it to 200 
psig, at an intake rate of 0.5 ft/s. What are the pressure, tempera- 
ture, and volume flow rate at the exit? (The relatively high exit 
temperature is the reason an intercooler is also used.) Assuming a 
70% efficiency, what is the power drawn by the supercharger? 
Hint: the efficiency is defined as the ratio of the isentropic power 
to actual power. 


Given: Supercharger 
Find: Pressure, temperature and flow rate at exit; power drawn 
Solution: 
l T2 P2 
Basic equation: P = د‎ T As = cpln| — | —R+In| — 
1 1 
Ah=q-w (First law - open system) Ah = cp; AT 
Assumptions: 1) Ideal gas 2) Adiabatic 
In an ideal process (reversible and adiabatic) the first law becomes Ah = w or for an Ideal gas Wideal = Cp AT 
k-1 
k 
: : T2 P2 T) [P2 
For an isentropic process As=0= Cp ln — |-—R-In| — or —=|— 
Ti P1 Ti (P1 
The given or available data is T4 = (70 + 460)-R Py = 14.7-psi P2 = (200 + 14.7)-psi n = 70-% 
3 
ft Btu ft-lbf 
= 0.5.— k = 1.4 C, = 0.2399. R,;,. = 53.33 ——— 
i s p Ibm-R su Ibm-R 
k-1 
k 
P2 
Hecne Ty =|— ‘Ty Ty = 1140-R Ty = 681-°F p» = 215-psi 
P1 
P1 pi T2 it” 
We also have Mrate = P1:Q1 = P>:Q) Q5 = Qi— Q5 = Qu Q5 = 0.0737. — 
02 P2 T1 : 
For the power we use Pideal = ™rate’Wideal = Prr AT 
p 
From the ideal gas equation. ړم‎ — E ړم‎ = 0.00233. ue or p1 = 0.0749. P 
Rair Ty íe ft 
Hence Pidea] = Py Que (Ta -Tj Pideal = 5-78:-kW 
: Pideal 
The actual power needed is Pca] = ——— Pactual = 8-26:kW 
" 


A supercharger is a pump that forces air into an engine, but generally refers to a pump that is driven directly by the engine, as 
opposed to a turbocharger that is driven by the pressure of the exhaust gases. 
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R= 287. 
kg.K 


T p 
As = cy ln 2 — R-In = 
Ty Py 
Ah = cy AT 
T, = (50 + 273)-K Py = 3-MPa 
Cp 
ke k-14  R=c,-Cy 
۷ 
T) 
p) = —p4 Pp = 1.85-MPa 
Ty 
As = لبد‎ 
kg.K 
Au = 143 9 
kg 
Ah = 201.8 
kg 
J 
AS = -1729.— 
K 
AU = -717-kJ 
AH = -1004-kJ 


Problem 12.7 


12.7 Five kilograms of air is cooled in a closed tank from 250 to 
50°C. The initial pressure is 3 MPa. Compute the changes in en- 
tropy, internal energy, and enthalpy. Show the process state points 
on a Ts diagram. 


Given: Cooling of air in a tank 
Find: Change in entropy, internal energy, and enthalpy 
Solution: 
Basic equation: p= 1م‎ 
Au = ce, AT 


Assumptions: 1) Ideal gas 2) Constant specific heats 


Given or available data M = 5-kg T4 = (250 + 273)-K 


= 1004. 
kg.K 


J 
= 7174.—— 
p 2 kg.K 


7 
For a constant volume process the ideal gas equation gives — = 


Py د‎ 
Ty 
As = c,In — | - R-In 
p T4 


Au = )ې‎ - T1) 


Then 


Ah = cp (T2 - T1) 


Total amounts are AS = M- As 
AU = M- ^u 
AH = M-Ah 


http://librosysolucionarios.net 


Problem 12.8 [3] 


12.8 Air is contained in a piston-cylinder device. The tempera- 
ture of the air is 100°C. Using the fact that for a reversible process 
the heat transfer q = fTds, compare the amount of heat (J/kg) re- 
quired to raise the temperature of the air to 1200°C at (a) constant 
pressure and (b) constant volume. Verify your results using the 
first law of thermodynamics. Plot the processes on a Ts diagram. 


Given: Air in a piston-cylinder 
Find: Heat to raise temperature to 12000C at a) constant pressure and b) constant volume 
Solution: 


The data provided, or available in the Appendices, is: 


Ty = (100 + 273).K Ty = (1200+ 273)-K R = 287-—— c, = 1004. —— =c,-R = 717-——_ 
زاو‎ ) 2=( ) kg-K P kg-K 7 ٢ cv kg-K 
a) For a constant pressure process we start with T-ds = dh - v-dp 
Hence, for p = const. ds = a =C سه‎ 
T PT 
But dq = T:ds 
Hence ôq =c,-dT = dT = T5-T = 1104 2 
d = Sp 4= | fp دا ردو دو‎ “Gee 
b) For a constant volume process we start T-ds = du + p-dv 
Hence, for v = const. ds = a = Ta 
T T 
But dq = T:ds 
kJ 
Hence òq = Cy dT q= c, dT q- cy (T2 - 74) q- de 
8 


Heating to a higher temperature at constant pressure requires more heat than at constant volume: some of the heat is used 
to do work in expanding the gas; hence for constant pressure less of the heat is available for raising the temperature. 


From the first law: Constant pressure: q = Au+w Constant volume: q = Au 


The two processes can be plotted using Eqs. 11.11b and 11.11a, simplified for the case of constant pressure and 
constant volume. 


T3 P2 T2 
a) For constant pressure s, — s4 = مې‎ — |-R-Inj — so As = c,.In| — 
Ti P1 DO 
13 ۷2 2 
b) For constant volume s>, — sy = c,.In| — | +R+In| — so As = Cy In| — 
Ti v1 1 


The processes are plotted in the associated Excel workbook 
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1 
1500 


Problem 12.8 (In Excel) 


12.8 Air is contained in a piston-cylinder device. The tempera- 
ture of the air is 100°C. Using the fact that for a reversible process 
the heat transfer q = /Tds, compare the amount of heat (J/kg) re- 
quired to raise the temperature of the air to 1200°C at (a) constant 
pressure and (b) constant volume. Verify your results using the 
first law of thermodynamics. Plot the processes on a Ts diagram. 


Given: Air in a piston-cylinder 
Find: Heat to raise temperature to 1200°C at a) constant pressure and b) constant volume; plot 


Solution: 


The given or available data is: 


T,- 100 "C 
T,= 1200 "C 
R= 287 J/kg.K 
Eus 1004 J/kg.K 
c= 717 J/kg.K 


The equations to be plotted are: 


12 p 
a) For constant pressure 5751 c, I T ) — Rin 


T-s Diagram for Constant Pressure and Constant Volume 
Processes 


a) Constant Pressure 


- = = -b) Constant Volume 


0 T T T T T 
0 250 500 750 1000 1250 


As (Jlkg.K) 
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Vo= 58.8-cc 


(12.12 a and 12.12b) 


Pp = 2002-kPa 


(isentropic) 


J C 
= 717 da 
kg.K Cy 
V1 
V4 = 66 V> = — 
1 2 85 


M=5.95x 10 “kg 


k 
pv = constant 


V1 
Po = P1: V3 


S — constant 


W12 = -169J Q4» = 0J 


V3= 58.8-cc 


p3 = 8770-kPa 


Vi k 
p(V) = py: ٢ and 


Problem 12.9 


12.9 The four-stroke Otto cycle of a typical automobile engine is 
sometimes modeled as an ideal air-standard closed system. In this 
simplified system the combustion process is modeled as a heating 
process, and the exhaust-intake process as a cooling process of the 
working fluid (air). The cycle consists of: isentropic compression 
from state (T) (pı = 100 kPa (abs), TZ, = 20°C, V, = 500cc) to 
state Q (¥2 = V4/8.5); isometric (constant volume) heat addition 
to state (3) (T4 — 2750'C); isentropic expansion to state (4) 
(X4 = V4): and isometric cooling back to state (D. Plot the pY and 
Ts diagrams for this cycle, and find the efficiency, defined as the 
net work (the cycle area in p¥ space) divided by the heat added. 


Given: Data on Otto cycle 
Find: Plot of pV and Ts diagrams; efficiency 
Solution: 


The data provided, or available in the Appendices, is: 


cy = 1004. —.— R- 2087. Cy = Cc9-R 
pı = 100-kPa T4 = (20€ 273) K T4 = (2750 + 273)-K 
“a Ya 
01۷ 
Computed results: M = 
R-T4 
For process 1-2 we have isentropic behavior T-v = constant 
Vi k-1 
Hence Ty = Ty — T» = 690K 
2 PW 2 
2 


The process from 1 -2 is 


V 
: P1:V1 ~P2:V2 
The work is Wi = p(V) dV = —————— 
M -1 
1 
For process 2 - 3 we have constant volume V3 = Vo 
T3 
Hence = سر‎ 
P3 = P2 7 
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W»3 = 0J 


p4 = 438-kPa 


Q34 = 0J 


Way = 0-3 


T 
The process from 2 -3 is V = V, = constant and As = evn] 


(From 12.11a) 
Qo3 = M-Au = «| cy dT Qo3 = M-cy (T3 sT) 


For process 3 - 4 we again have isentropic behavior 


k-1 k 
V3 V3 
Hence T4 = Ta — Ty = 1284K = Ppa} — 
47 23 y 4 P4 = P31 y 
4 4 
k 
V3 
The process from 3 - 4 is p(V) = py E and s — constant 
P3: V3 - P4 V4 
The work is W34 = > > > W34 = 742) 
For process 4-1 we again have constant volume 
, T 
The process from 4 -1 is V = V, = constant and As = اباب‎ 
4 


(From 12.11a) 


Q41 = Mey (T, - T4) Q41 = 4223 
The net work is Whnet = W12 + Wo3 + W34 + W41 Wet = 9723 
Wet 
The efficiency is N= n = 57.5:% 
Q23 
1 
This is consistent with the expression for the Otto efficiency Notto = 17 m 
Je 
Yd 
where r is the compression ratio r= Sm r= 8.5 
2 


Plots of the cycle in pV and 15 space are shown in the associated Excel workbook 
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cc 
cc 
cc 
cc 


500 
58.8 
58.8 
500 


Problem 12.9 (In Excel) 


12.9 The four-stroke Otto cycle of a typical automobile engine is 
sometimes modeled as an ideal air-standard closed system. In this 
simplified system the combustion process is modeled as a heating 
process, and the exhaust-intake process as a cooling process of the 
working fluid (air). The cycle consists of: isentropic compression 
from state (T) (p, = 100 kPa (abs), T, = 20°C, V, — 500cc) to 
state Q (¥2 = V4/8.5); isometric (constant volume) heat addition 
to state ©) (Ty = 2750°C); isentropic expansion to state O) 
(¥, = V4); and isometric cooling back to state (QD. Plot the pY and 
Ts diagrams for this cycle, and find the efficiency, defined as the 
net work (the cycle area in pV space) divided by the heat added. 


Given: Data on Otto cycle 
Find: Plot of pV and Ts diagrams; efficiency 
Solution: 


The given, available, or computed data is: 


R= 287 JkgK 


Cp= 1004 J/kg.K 
Cy= 717 J/kg. K 
k= 1.4 
T= 293 K pi^ 100 kPa 
T= 690 K P27 2002 kPa 
T3 = 3023 K P37 8770 kPa 
T,= 1284 K جړم‎ 438 kPa 
Vi 3 
The process from 1 -2 is p(V) = pj] pi and s= constant 
, T 
The process from 2 -3 is V = V5 = constant and As = c, ln T 
2 
V3 , 
The process from 3 - 4 is p(V) = p3 rj and s — constant 
: T 
The process from 4 -1 is V=V 4 7 constant and As = c, n TL 
4 
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The computations are: 


2002 | 690 | 100 [Uniform temperature steps 


2 


3 Temperatures from Eq. 12.12b 


A[ so | ass | 1284 | 1159 _| 


Uniform temperature steps 


http://librosysolucionarios.net 


p - V Diagram for Otto Cycle 


200 300 400 500 
V (cc) 


T - s Diagram for Otto Cycle 


500 750 1000 1250 
S (Jlkg.K) 
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100 


250 


p (kPa) 


T (K) 


Problem 12.10 [4] 


12.10 The four-stroke cycle of a typical diesel engine is some- 
times modeled as an ideal air-standard closed system. In this sim- 
plified system the combustion process is modeled as a heating 
process, and the exhaust-intake process as a cooling process of the 
working fluid (air). The cycle consists of: isentropic compression 
from state (1) (p, = 100 kPa (abs), T, = 20°C, V, — 500cc) to 
state Q (¥, =Y,/12.5); isometric (constant volume) heat 
addition to state Q (T4 = 3000 C); isobaric heat addition to state 
(4) (¥, = 1.7543): isentropic expansion to state (5); and isometric 
cooling back to state (D. Plot the pY and Ts diagrams for this 
cycle, and find the efficiency, defined as the net work (the cycle 
area in p¥ space) divided by the heat added. 


Given: Data on diesel cycle 
Find: Plot of pV and Ts diagrams; efficiency 
Solution: 


The data provided, or available in the Appendices, is: 


J J J E 
c =1004—  R=287— cy -c-R cy=717—— k= k=14 
P kg.K kg.K ٢ kg.K Cy 
p, = 100-kPa T4 = (20+273)-K T3 = (3000+ 273)-K ۷ = 500-cc 
V4 
Vo = Ds Vo = 40cc V3 = Vo V4 = 1.75:V3 V4 = 70cc Vs = V4 
Pr V1 -4 
Computed results: M = M =5.95x10 kg 
R-T4 
, ; : k-1 k 
For process 1-2 we have isentropic behavior T-v  - constant (12.12a) pv = constant (12.120) 
k-1 k 
Vi Vi 
Hence Ty = Ty} — T5 = 805K P2 = Pi — p? = 3435kPa 
V5 v9 
k 
V4 
The process from 1 -2 is p(V) = py: E and S — constant 
V2 
: Pi V1-P27 V2 
The work is W1> = p(V) dV = W1> = -218J Q12 =0J 
Vi ۴-1 l 
(Isentropic) 
For process 2 - 3 we have constant volume V3 = Vo V3 = 40cc 
T3 
Hence P3 = > p3 = 13963kPa 
2 
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W3 = 0-3 


Qo3 = 10523 


T4 = 5728K 


Q34 = 1465J 


Q45 = 03 


Ws, = 0J 


et = 1531) 


Wa 


T 
The process from 2 -3 is V = V, = constant and As = evi] 
2 


(From Eq. 12.11a) 


Q53 = M-Au = «| c,dT | Qo = M-cy (T3 E 


۷ 
4 
For process 3 - 4 we have constant pressure P4 = P3 P4 = 13963 kPa T4 - اه‎ 
3 
: 1 
The process from 3 - 4 is P = P3 = constant and As = puf) 
3 


(From Eq. 12.11b) 


W34 = P3 (V4- V3) W34 = 419J Q34 = M-c (T4 - T3) 
k-1 
Va 
For process 4 - 5 we again have isentropic behavior Ts = Ty ma Ts = 2607K 
5 
k 
V4 
Hence Ps = P| — Ps = 890kPa 
V5 
k 
2 
The process from 4 5 is p(V) = Pg ET and s — constant 
Pa V4-P5 V5 
The work is Was = 4 1 Was = 1330J 


For process 5-1 we again have constant volume 


T 
The process from 5 -1 is V = Vs = constant and As = vn 
5 


(From Eq. 12.11a) 


Q51 = Mey (T, = T5) Q51 = —987J 
The net work is Wet = W12 | Wa3 | W34 | Was | Ws1 
The heat added is Qadded = Q23 + Q34 Qadded = 25173 
Wret 
The efficiency is N= n = 60.8% 
Qadded 
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This is consistent with the expression from thermodynamics for the diesel efficiency 


r= 12.5 


re = 1.75 


"diesel = 58-8% 


"diesel = 
۷7 
where r is the compression ratio r= — 
b 
V4 
and r, is the cutoff ratio س = ا‎ 
V3 


The plots of the cycle in pV and Ts space are shown in the associated Excel workbook 
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cc 
cc 
cc 
cc 
cc 


500 
40 
40 
70 

500 


Problem 12.10 (In Excel) 


s = constant 


s = constant 


and 


12.10 The four-stroke cycle of a typical diesel engine is some- 
times modeled as an ideal air-standard closed system. In this sim- 
plified system the combustion process is modeled as a heating 
process, and the exhaust-intake process as a cooling process of the 
working fluid (air). The cycle consists of: isentropic compression 
from state 0( (pı = 100 kPa (abs), T, = 20°C, V, = 500cc) to 
state Q (¥) = ¥,/12.5); isometric (constant volume) heat 
addition to state ©) (T4 = 3000°C); isobaric heat addition to state 
(4) (V, = 1.7594); isentropic expansion to state ©); and isometric 
cooling back to state (T). Plot the p¥ and Ts diagrams for this 
cycle, and find the efficiency, defined as the net work (the cycle 
area in p¥ space) divided by the heat added. 


Given: Data on diesel cycle 
Find: Plot of pV and Ts diagrams; efficiency 
Solution: 


The given, available, or computed data is: 


R= 287 J/kg.K 


Cp= 1004 J/kg.K 
cy= 717 11176 
k= 1.4 
T= 293 K Pi= 100 kPa 
T,= 805 K pa^ 3435 kPa 
T3= 3273 K P3= 13963 kPa 
T,- 5728 K Pa= 13963 kPa 
T;- 2607 K ps7 890 kPa 
The process from 1 -2 is p(V) = pj: Y 
The process from 2 -3 is V = V} = constant and 
The process from 3 - 4 is p = p3 = constant and 
V4 ٠ 
The process from 4 - 5 is p(V) = py * and 
The process from 5 -1 is V = Vs = constant and 
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The computations are: 


2 Uniform temperature steps 
| 40.0 | 3840 | 900 | 180 | 


3 Uniform temperature steps 
242 
1368 
479 
580 
4 Temperatures from Eq. 12.12b 


5 


Uniform temperature steps 


1 
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500 


2000 


p - V Diagram for Diesel Cycle 


200 300 400 
V (cc) 


T-s Diagram for Diesel Cycle 


1000 1500 
s (Jlkg.K) 


http://librosysolucionarios.net 


500 


100 


T (K) 


Wiz = SST KI, BIL, KEHE) K, (ELTON = 116 | E 
&g c Dto | 


Az sz. ; 


ac Problem 12.11 B 


Given: Ar tompressed frena Standard conditions Ya Gil tank 
Wa ¥ = JO m, fo s 4.S Mra (gag e). Ileal gas. Reversible. 
Fund; (a) Energy for Sothern al CO مه د٣ «(م‎ 
(b) Energy for Cig Coniprestion 


(6) Energy removed by وه هح‎ Yee.) do (8) 
(d) Sketch Tis «Par cliagrams 


Soret on i Apply ¡dea! gas, erg, MEAD مړ‎ IC Process &g ca Tan 


Competing equations: Q ا-‎ = AE = musta ر‎ We -f pav 


PLE = Constant, p=PRT 


The tank contains m = PV T 
p= E.G srono)m* M, ka K کي‎ - 55.7 keg 
er 1 me IGIN (C3 15) KC | رر‎ 


m= cx 557 kB dom? a OS 7 kg 
ma 


For process 14, 


-W=-/pdy — pass = -mf RTE = سا‎ yn RT Éro Pep, = 


k~ 
Far recess č 7^ és, Pes «(BY ج‎ Tes = (22) ko “bal at 2 3g 
P. Pi Ti E in O 21) : " 
By 2.98 T, = 2.98 (e734 SDC * PSE K p 
» + 
Wes 5 Mm (as -44,) "A = mm. ns. -T,) (e 
557 ke, Û ga ) vo See | 
Wizs pes 2 ee خڅ‎ 
/37 2م 24 کو‎ 45 ar Constant pressure T j 


Ross = (m (le ~ite ) ې‎ Whee = P2 (the -Lus) - nob Gs وب‎ = mlhe~hes) 
= i be (7. 725) 


Qzse = 95749. oO oes (288 -GEEK ورچډال‎ MT (out oF air) 
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Problem 12.12 [2] 


Gwen: SE Qe of ar, We ostals, ده ده‎ o Yue. . 
Wu na O ES MO 
ون‎ ok, ALF tae mis > 078845 VN xa, T= Sode 


Vies ٢ Power Prod په‎ We Rutone > 
تمعاها اا‎ Sole CORES on a Ne ەج یهد‎ 


"Pu 
SN E 


© 


or که‎ Masivo ea ELA Trosg We Musa, 


— 1 [cx R-S 
اداد ادي‎ AA, 
x : N ‘ONAN RNA TAK 
La GE hoo > aA MA \ Ba "Ra 


= 


a= nes Å ES 


mars Sres Ke turane‏ مه سم سا 


NR Os PAN 


E p 1 ٢ کڅا‎ UN 

yx = د‎ e ie or 
(Resume a = e 

For an ack Qon ue conato Space ‘eo . حا‎ GRS 


د ولاک اه RV‏ د ۸ 


Ta 2 
مه‎ ka 1 SA SY Aa EN ه٢‎ ٢ NS ۷۳ یم‎ 
ات‎ Rat pi e. a * | 


E ESA هم‎ Save Pas duo Nes ua که‎ 
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r 
A É a 


Problem 12.13 B] 


¡ENT Sour E C A ov^, ش نا کې هې یسپ‎ cK TT ما‎ jud 
a wee c NM QA Gen. WX compressa لد تد کد دیا‎ 
با‎ Bu ال‎ Sum as Ya Coge .؛‎ AL congressos MEA 
R= bo SN Vee. ني‎ DUE ادد دیما‎ A= O45. 


حمچومث "Au. dy Noxes Oe ROME On Ys‏ لعا پا ې (ay ۳ Y‏ وچ 
Suben:‏ | 

| ; È 
e moss few rde خا‎ Sy EN We BAA usere R3 ې‎ 


de د"‎ 
AN R X y NCC ry »په‎ A YU o^ S SUR 
LT hj 


eX, پا‎ SO اا ايت‎ s” 
i n = AA kala W^ 
Foc ON, wat XS د هتا‎ ON X 
: ند‎ 
| (NS و1‎ CR 
wv = = 
bese a چا‎ = etek E C ec Ws j = SUNM 
“A. > w : 2 EM = Mas Y, 
ThA Vy : "Ue | 
i Hi MN 
e. و‎ Nu (sis پو‎ l mo d 
x = + سه‎ i 
F ` a s [A OE © 
5 
Mass ځا کت ته‎ ay 
Tron coa y E PAA د‎ Rae و سنا‎ WOW S. Ses 
Ws — ٧ کا‎ a SR. SAE A 
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Problem 12.14 [3] 


12.14 Over time the efficiency of the compressor of Problem 
12.13 drops. At what efficiency will the power required to attain 
8.0 MPa (gage) exceed 30 MW? Plot the required power and the 
gas exit temperature as functions of efficiency. 


Given: Data on flow through compressor 
Find: Efficiency at which power required is 30 MW, plot required efficiency and exit temperature as functions of efficiency 
Solution: 


The data provided, or available in the Appendices, is: 


J J J 
R = 518.3-—— c, = 2190.—— Cy = CGR Cy = 1672 —— k = k = 1.31 


kg.K ٢ kg.K ٢ 

m 

T, = (13+273)-K py = 0.5-MPa+101-kPa  V¡=32— 
p? = 8-MPa+ 101-kPa W = 30-MW D = 0.6m 


comp — 


The governing equation is the first law of thermodynamics for the compressor 


2 
Mflow] | h2 + و‎ || hy + 2 = Weomp d Weomp = Mflow tp (T = T1) T 2 
We need to find the mass flow rate and the temperature and velocity at the exit 


P1 r 2 P1 r 2 kg 
Mflow= PrArY1T a "y Mfow = ريه‎ PS 


02 
17 


2 


The exit velocity is then given by  Mfow = TD ‘Vo V, = ———— (1) 


The exit velocity cannot be computed until the exit temperature is determined! 


2 
4-Mflow RT? 2 


2 Es 
T-p5:.D 
Using Eq. 1 in the first law Weomp = Mflow' cp: (T2 = T1) + 5 


In this complicated expression the only unknown is T», the exit temperature. The equation is a quadratic, so is solvable 


explicitly for T>, but instead we use Excel's Goal Seek to find the solution (the second solution is mathematically 


correct but physically unrealistic - a very large negative absolute temperature). The exit temperature is T) = 660-K 


If the compressor was ideal (isentropic), the exit temperature would be given by 


1-k 


T-p m constant (12.12b) 
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n = 65.1% 


V2 -V1 


Tj, = 529K 
P2 
E: lecti Tg T1 
For a compressor efficiency n, we have n= ——— Or n= 
hy -h qos 
2. 1 2 1 
Tag — T 
To plot the exit temperature and power as a function of efficiency we use Ty = T4 + 
n 
" a Maloy R: T2 : 
wit Vin m an Wcomp = Mflow’ cp'(T2 - T1) + 
رلو‎ 


The dependencies of T? and Weomp on efficiency are plotted in the associated Excel workbook 
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Problem 12.14 (In Excel) [3] 


12.14 Over time the efficiency of the compressor of Problem 
12.13 drops. At what efficiency will the power required to attain 
8.0 MPa (gage) exceed 30 MW? Plot the required power and the 
gas exit temperature as functions of efficiency. 


Given: Data on flow through compressor 


Find: Efficiency at which power required is 30 MW; plot required efficiency 
and exit temperature as functions of efficiency 


Solution: 


The given or available data is: 


R= 518.3 J/kg.K 
c= 2190 J/kg.K 
Cy= 1672 J/kg.K 
k= 1.31 
Ti 286 K 
PE 601 kPa 
Vi= 32 m/s 
P= 8101 kPa 
= 0.6 m/s 
W comp = 30 MW 


Computed results: 


Pl n 2 
1 , = —-— D -V 
Maow RT, 4 1 
M flow = 36.7 kg/s 
4 Mg, R T2 2 
-v 
2 
, Tp, D 
Weomp = Magos )ې‎ E Tı) + > 


Use Goal Seek to vary T, below so that the error between the left and right sides is zero! 


LHS (MW) [| RHS (MW) 
0.00% 
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0% 


0% 


10% 


10% 


5 2 
Ya Mp 
cp (T2 Tj) + == 


Required Compressor Power 
as a Function of Efficiency 


7096 6096 5096 4096 3096 2096 


1 


Gas Exit Temperature 
as a Function of Efficiency 


70% 60% 50% 40% 30% 20% 


n 
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‘comp = Maow' 


80% 


80% 


90% 


90% 


W 


r 140 
+ 120 
+ 100 
r 80 


W comp (Mw) 


٢ 60 
r 40 
r 20 


0 
10096 


T (K) 


10096 


[4] 


Problem 12.15 


Gwen: Balloon int / tel isothermally Fra C95 tor? in. 


Flow 15 À = 0.10 cfm of Standard ain (S4F, 14,7 psia) 


Balloon sim Ai ion is oF ~kA, tuhere k* 200 Ib£ [£3 and | 


4 = surface arta of Dire 


Find: Time reguired, 


Solution? The mass flou roce 15 mM يریغ‎ ۵ = Cor Fat, 


Computing equ-a-hon : 4t = ám Pp =pRT 


mn 


Asstame: (1) Standard ar, f "40764 bru [AS ; (2) Tato! gas 


| Then m = لا‎ = D.OMS den . 0.10 ff3 , UN د‎ 128 x o7 * lérn fg 
443 min GOS 
Fom a free balance on the ات نه هه‎ | 
(p-Petm) Tr? = Carr = kret) eme = 7۳۸ rn? 
0^ P=fatm + Fike Cp Pasen ye? 
fr م۰٣‎ n.) p = 14.7 + ET, 200 bt, Sin, TI? پل‎ 24,2 psia 
£3 ma bra S 
P e 21.2 bf lam ^R. 1 T 
CURT a Se SEE ‘EGR pa ٤ بب د‎ 
Y= grr? == «Gy 4۸3 0.303 fes 
IVE tas ~ 
Mm = £y = 0/54 iS 0.0461 lem 
For C77 in. اح د‎ bE , fr, rolt un AE as.) sia 
RE de p mac Fra“ "rng m3 P 


Tae u lang, 


NEN í 1 m 
PUN) (psa) — lem | fr 3) (fr) Clem) 
5 29.2 9.182 0.303 0.0461 
7 SS. b. 183 0,831 VESPA 
Then Am * 47 mg x D.iSL-D-Oub/ om = 0.106 lem 
and AE < — 
a 0-106 lem, نس‎ = 97 e IU mi 
At TOES 5 (x min At 
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Problem 12.16 


12.16 For the balloon process of Problem 12.15 we could define a 
“volumetric ratio” as the ratio of the volume of standard air supplied 
to the volume increase of the balloon, per unit time. Plot this ratio 
over time as the balloon radius is increased from 5 to 7 inches. 


Given: Data on flow rate and balloon properties 


Find: "volumetric efficiency" over time 


(p — Pam) TT = 021 where eo = k-A = کې دع‎ 


P = Pam + — or P = Pam + $ Tkr 


T سو په‎ (1 = Sin) 
Mate 


AV = Viaja (t + At) - Vba) 
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Solution: 


The given or available data is: 


R= 53.3  ftIbf/Ib^R 
T = 519 R 
Pam = 14.7 psi 

k= 200 lbf/ft? 
V ate = 01 ft/min 


Computing equations: 
Standard air density 
Mass flow rate 
From a force balance on each hemisphere 


Hence 
Density in balloon 
The instantaneous volume is 


The instantaneous mass is 


The time to fill to radius r from r = 5 in is 


The volume change between time steps Ar is 


Computed results: 
Pair = 0.0765 lb/ft? 


M rate = 0.000128 5 


S0 | دوه‎ wu | o | بسن‎ [we] غه‎ | 


606-1 3: | 016 | 0.524 | 0.0876 | 325| 392% | 


Volume Increase of Balloon 
sie as Percentage of Supplied Volume 
PSR 
42% - 
z 
2 40% - 
Š 
< 38%- 
36% - 
34% T T T 1 
0 250 500 750 1000 
t (s) 
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Problem 12.17 [3] 


12.17 A sound pulse level above about 20 Pa can cause per- 
manent hearing damage. Assuming such a sound wave travels 
through air at 20 and 100 kPa, estimate the density, temperature, 
and velocity change immediately after the sound wave passes. 


Given: Sound wave 
Find: Estimate of change in density, temperature, and velocity after sound wave passes 
Solution: 
: : T2 P2 
Basic equation: p= م‎ R-T As = cpn — - Rdn| — 
Ti P1 
du = cy dT dh = Cp dr 


Assumptions: 1) Ideal gas 2) Constant specific heats 3) Isentropic process 4) infinitesimal changes 


Given or available data 


J 
T = (20+ 273)-K pı = 100-kPa dp = 20-Pa k= 1.4 R = 286.9 TeK 
g 
m 
۷ 1 5 
; 2 dp —4 kg 
For small changes, from Section 11-2 dp = c dp so dp = 5 dp = 1.70 x 10 > a very small change! 
c m 
p 
The air density is ړم‎ = no ړم‎ = 1.1948 
ند‎ 3 
m 
Then dv, = - dV. = 0.049 = This is the velocity of the air after the sound wave! 
pic S 


For the change in temperature we start with the ideal gas equation p = p-R.T and differentiate dp = dp-R-T + p-R-dT 


Dividing by the ideal gas equation we find eb = 9p + a 
p p 
dp dp 
Hence dT = T | —-— dT = 0.017K dT = 0.030- A?F a very small change! 
Py P1 
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Problem 12.18 [3] 


12.18 The bulk modulus £, of a material indicates how hard it is 
to compress the material; a large E, indicates the material requires 
a large pressure to compress. Is air "stiffer" when suddenly or 
slowly compressed? To answer this, find expressions in terms of 
instantaneous pressure p for the bulk modulus of air (KPa) when it 
is a) rapidly compressed and b) slowly compressed. Hint: Rapid 
compression is approximately isentropic (it is adiabatic because it 
is too quick for heat transfer to occur), and slow compression is 
isothermal (there is plenty of time for the air to equilibrate to am- 
bient temperature). 


Given: Sound wave 
Find: Estimate of change in density, temperature, and velocity after sound wave passes 
Solution: 
; : dp 
Basic equations: p = p:R.T Ey === 
dp 
0 


Assumptions: 1) Ideal gas 2) Constant specific heats 3) Infinitesimal changes 


To find the bulk modulus we need Sb in E, = mm = ې‎ 
dp dp dp 
0 
For rapid compression (isentropic) اد‎ const and so 9p =k 
a dp مه‎ 
Hence E. = («8 E,- kp 
۷ 0 ۷ 
For gradual compression (isothermal) we can use the ideal gas equation p=p-R-T so dp = dp-R-T 
Hence E, = p(R-T) =p E, =P 


We conclude that the "stiffness" (Ey) of air is equal to kp when rapidly compressed and p when gradually compressed. To give an idea of 1 


For water Ey = 2.24-GPa 


141-kPa 


tH 
Il 
2 

5 
tH 
Il 


For air (k = 1.4) at p = 101-kPa Rapid compression 


101-kPa 


Fri 
Il 


Gradual compression E, = p 


http://librosysolucionarios.net 


[2] 


1000: — 
3 


198 us 


Pw 


At 


SG = 7.83 


At = 0.198ms 


Problem 12.19 


12.19 You have designed a device for determining the bulk 
modulus, E,, of a material. It works by measuring the time delay 
between sending a sound wave into a sample of the material and 
receiving the wave after it travels through the sample and bounces 
back. As a test, you use a 1 m rod of steel (E, x: 200 GN/m'). 
What time delay should your device indicate? You now test a 1 m 
rod (1 cm diameter) of an unknown material and find a time delay 
of 0.5 ms. The mass of the rod is measured to be 0.25 kg. What is 


this material's bulk modulus? 


Given: Device for determining bulk modulus 
Find: Time delay; Bulk modulus of new material 
Solution: 
E, 
Basic equation: c= | 
p 
: GN 
Hence for given data E, = 200.7 L= tm and for steel 
m 
E 
For the steel c= y c= 5054 S 
SG: p S 
: : ; L -4 
Hence the time to travel distance L is At = — At =1.98x10 s 
8 
For the unknown material M = 0.25-kg D = 1-cm At = 0.5-ms 
The density is then p = M = 3183 8 
2 3 
TD m 
س‎ 
4 
m L m 
The speed of sound in it is c= — c = 2000— 
At S 
Hence th bulk modulus is E, = pid Ey = 12.7 en 
2 
m 
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= 651-ms 


At 


Problem 12.20 


12.20 Dolphins often hunt by listening for sounds made by their 
prey. They “hear” with the lower jaw, which conducts the sound 
vibrations to the middle ear via a fat-filled cavity in the lower jaw 
bone. If the prey is 1000 m away, how long after a sound is made 


does a dolphin hear it? Assume the seawater is at 20°C. 
Given: Hunting dolphin 
Find: Time delay before it hears prey at 1000 m 
Solution: 
Ey 
Basic equation: c= ا|‎ 
: GN 
Given (and Table A.2) data L = 1000-m SG = 1.025 E, = MEE 
m 
Ey m 
For the seawater = c = 1537— 
SG: p S 
Hence the time for sound to travel distance L is At = 2 At = 0.651-s 
c 
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= 1000.— 
Pw 3 


Problem 12.21 


12.21 A submarine sends a sonar signal to detect the enemy. 
The reflected wave returns after 25s. Estimate the separation be- 
tween the submarines. (As an approximation assume the seawater 


SG = 1.025 E, = 2.45. N 
2 
m 
وو ړم‎ 
5 
L = cAt L = 38.4km 
= - x = 192km 


is at 20°C.) 

Given: Submarine sonar 

Find: Separation between submarines 
Solution: 


Basic equation: c= | 


Given (and Table A.2) data At = 25:s 


For the seawater c= 


SG Pw 
Hence the distance sound travels in time At is 


The distance between submarines is half of this 
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-(z— 0m) 


(500 — 0)-m 


= 400-mph 


= 725-mph 


(284.9 — 288.2)-K 


۷ 


۷ 


Problem 12.22 


12.22 An airplane flies at 400 mph at 1600 ft altitude on a stan- 
dard day. The plane climbs to 50,000 ft and flies at 725 mph. Cal- 
culate the Mach number of flight in both cases. 


Given: Airplane cruising at two different elevations 
Find: Mach numbers 
Solution: 
; ; V 
Basic equation: c=,k-R-T M=— 
8 


z = 488m interpolating from Table A.3 T = 288.2-K + 


c = 338 Z c = 757mph and we have 
5 
M = = M = 0.529 
c 
z = 15240m T = 216.7-K 
m 
c = 295— c = 660mph and we have 
5 
c 
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Available data R = 286.9 T 
kg.K 


At z = 1600-ft 
T = 285K 
Hence c=yVkRT 


The Mach number is 
Repeating at z = 50000-ft 


Vk-R-T 


Hence 


n 
Il 


The Mach number is 


Problem 3 [1] 


Giuen: Mare Ves eva d. SRM ځا کی که‎ Reged Ne crosses که‎ Wad 
A au pus $5 coo K. Tes 


Find «Y seed c sound and Giant Sess. Co sac EE NEG . 
y esos bw ko نې وه‎ oo rc La هڅ‎ -de 


= PSA An 


RL aude . ` $5 00 f * O. bog 3 


Ma. Ux om PEA‏ هلیا خا 


Com Ver = iia e rss uox e Se Y = 094 RA 


NE Aes Bar نه‎ mE = په‎ As 


VS‏ کر ايا 
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ELI 


Problem 4 [1] _ 


Ginen + Born WEN Crustes of SAO eu ON. an oiue e 
BR OOS SX on a Landord مه‎ l 


Fang oS Cruse Moda ۸ ot Re گهی کله‎ - 
AS شعمېت وکرو‎ corres اعد در‎ Xe Wins هه‎ 


wk. BA OOS Cx " ج‎ vo woke يلوا مېا 1 سه‎ AS : ات‎ PROS. 


Wen حا‎ iker = Vue an as A EZIN + RU = f] MN. 


NF Stowe امه‎ xe DBO n 
we Ve Ree ^ E CERE vls 


` abr s ws 


٢٢ = an = 
A a عا که‎ = O Xe 


ML We DAS 


X= “ce DIO LAA Ada = DA ee cos nA X | 
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T$ 5 SCURARE 
EFS 5 SQUARE 


i i 50 SHEETS 5 SQUARE 
100 SHEE 


9 00 SHE 


Problem 5 [2] 


12.25 Investigate the effect of altitude on Mach number by plot- 
ting the Mach number of a 500 mph airplane as it flies at altitudes 
ranging from sea level to 10 km. 


Given: Airplane cruising at 550 mph 
Find: Mach number versus altitude 
Solution: 
Basic equation: c= Jk-R-T M= ~ 
V= 500 mph 
R = 286.90 J/kg-K (Table A.6) 


k= 1.40 


Data on temperature versus height obtained from Table A.3 


EDI [ T 0 [7 09/9 F 5T 7 7 
o 2882 | 340. | Go [0756 | 


Mach Number versus Elevation 

0.90 4 

- 0.85 
- 0.80 چ 

0.75 4 

0.70 T T T T 1 

0 2000 4000 6000 8000 10000 
z (m) 
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ft-1bf 


lbm-R 


Rap = 53.33- 


k=14 


Problem 12.26 


12.26 You are watching a July 4th fireworks display from a dis- 
tance of one mile. How long after you see an explosion do you 
hear it? You also watch New Year's fireworks (same place and 
distance). How long after you see an explosion do you hear it? As- 
sume it's 75°F in July and 5° F in January. 


How long after seeing them do you hear them? 


Fireworks displays! 


c=yk-R-T 


Given: 
Find: 
Solution: 


Basic equation: 


Assumption: Speed of light is essentially infinite (compared to speed of sound) 


Tyyly = (75 + 460)-R L = tmi 
ft 
July = y K'Rair TJuly July = 1134— 
L 
Athy = —— Atjuly = 4665 
July 


Tyan = (5 + 460)-R 
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Jan 7 y k-Rair Tyan s 


The given or available data is 


Hence 


Then the time is 


In January 


Hence 


Then the time is 


Problem 12.27 2] 


12.27 Use data for specific volume to calculate and plot the 
speed of sound in saturated liquid water over the temperature 
range from 0 to 200 C. 


Given: Data on water specific volume 
Find: Speed of sound over temperature range 
Solution: 


Basic equation: Cc p at isentropic conditions 


Ap 


using available data. 
Ap 


As an approximation for a liquid c= 


We use compressed liquid data at adjacent pressures of 5 MPa and 10 MPa, and estimate the change in density between these pressures from the 
corresponding specific volume changes 


Ap = P-P] Aj uri and c= br at each temperature 


p»= 10 MPa 
pa 5 MPa 
Ap = 5 MPa 


Data on specific volume versus temperature can be obtained fro any good thermodynamics text (try the Web!) 


Speed of Sound versus Temperature 
1600 - 


[A | 
| ٥ه‎ 2 
0.0009996 | 0.0009973 
[ 60 [0.0010149 
[ 80 [0.0010267[0.0010244| 2.19 | 1512 | 
0.0010410 
0.0010576 
0.0010769 | 0.0010738 


1500 - oe 


c (m/s) 
m 
S 


0.0010988 1200 | 
0.0011240 | 0.0011200 
0.0011482 T 
1000 | | | | 
0 50 100 150 200 
T (°C) 
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Problem 12.28 [B3] 


Guen: enuios of so% Sad (Eq. 12.18, Section 12-2) 
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; x Soe" M (er) as C SSW هله‎ C fA gd] + cao 
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مه‎ = tdi ES | 


| sisas e کک یکی‎ Gs ANKLE wee IRAR 
a“ 

e ee ak 

Qc 


or " AR 


C7 A 
دن‎ ٢ کا‎ Qu SIT Pe as ASL ox. Se d S Su dis dos MCN 


eX ~ Section 12-2 NA, Qe E ې‎ of Be شا‎ viuos 
دسا‎ Qo waue “ss RAE prs 
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Problem 12.29 [2] 


,12.29 Compute the speed of sound at sea level in standard air. 
By scanning data from Table A.3 into your PC (or using Fig. 3.3), 
evaluate the speed of sound and plot for altitudes to 90 km. 


Given: Data on atmospheric temperature variation with altitude 
Find: Sound of speed at sea level; plot speed as function of altitude 
Solution 


The given or available data is: 


R= 286.9 J/kg.K 
k= 1.4 


Computing equation: 
c = JkRT 
Computed results: 


(Only partial data is shown in table) 


| 0 | 3882 | Speed of Sound Variation with Altitude 

oo 

RS 

7 

E 300 4 

: 

"em 

250 | | l l | | | | | | 

0 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000 
TEM 
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Problem 0 [3] 
12.30 The temperature varies linearly from sea level to approxi- 
mately 11 km altitude in the standard atmosphere. Evaluate the 
lapse rate—the rate of decrease of temperature with altitude—in 
the standard atmosphere. Derive an expression for the rate of 
change of sonic speed with altitude in an ideal gas under standard 
atmospheric conditions. Evaluate and plot from sea level to 10 km 
altitude. 
Given: Data on atmospheric temperature variation with altitude 
Find: Lapse rate; plot of rate of change of sonic speed with altitude 
Solution: 
The given or available data is: 
R= 286.9 J/kg.K 
k= 1.4 
To= 288.2 K 
T iok = 223.3 K 
Computing equations: 
For a linear temperature variation T = To*mz 
T-T 
e =m= 9 which can be evaluated at z= 10 km 
dz 2 
For an ideal gas c= /k-R-T= [k-R-(Tp + mz) 
Hence E = ass 
dz 2-c 
Computed results: 
m = 0.00649 K/m (Using T at z = 10 km) 
z (km) T (K) dc/dz (s ) 
ا‎ 00303 Rate of Change of Sonic Speed 
281.7 -0.00387 with Altitude 
275.2 -0.00392 -0.0038 ¬ 
268.7 -0.00397 
262.2 -0.00402 و‎ 
255.8 -0.00407 WS -0.0040 - 
|- 6 | 2493 -0.00412 - 
242.8 -0.00417 3 -0.004 - 
S 
| 8 | 2363 -0.00423 9S 20.0042 4 
| 9 | 2298 -0.00429 
223.3 -0.00435 -0.0043 - 
-0.0044 
0 2 4 6 8 10 
z (km) 
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- 53,35. EPE 
lbm-R 


air 


R 


V = 1471mph 


Problem 12.31 


12.31 Air at 77°F flows at M = 1.9. Determine the air speed and 


M =~ 
c 
M=19 
c = 1136-— 
5 
ft 
V = 2158 — 
5 
a = 31.8deg 


the Mach angle. 


Given: Air flow at M = 1.9 

Find: Air speed; Mach angle 
Solution: 

Basic equations: c= J k-R-T 


The given or available data is T = (77 + 460)-R 


Hence c= [k-Rai:T 


Then the air speed is V=Me 


The Mach angle is given by a= 250) 
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Problem 12.34 [2] 
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Problem 12.36 [2] 


12.36 While jogging on the beach (it's a warm summer day, 


x 
about 30°C) a high-speed jet flies overhead. You guesstimate it’s <= 
at an altitude of about 3500 m, and count off about 5 s before you 
hear it. Estimate the speed and Mach number of the jet. h 
Given: High-speed jet flying overhead 
Find: Estimate speed and Mach number of jet 
Solution: 
; ; V . (1 
Basic equations: c=ykR-T M=— شا‎ = asin} — 
8 M 
J 
Given or available data T = (30+273)-K h = 3500-m k = 14 R = 286.9 car 
g 
The time it takes to fly from directly overhead to where you hear itis At = 5:s 
The distance traveled, moving at speed V, is x= V. At 
: ; Í sin(a) h h 
The Mach angle is related to height h and distance x by tan(a) = —— = — = —— (1) 
cos(a) x VAt 
. 1 C 
and also we have sin(a) = — == (2) 
M V 
c VAt CAt 
Dividing Eq. 2 by Eq 1 cos(a) = —:-—— = 
8 Eq. 2 by Eq (a) کو‎ 7 
Note that we could have written this equation from geometry directly! 
‘At 
We have c=yk RT c= 349% so Qa = aco S ) a = 60.1-deg 
5 
Hence M= i M = 1.15 
sin (o) 
; m 
Then the speed is V - ٠٢٣ V = 402— 


5 


Note that we assume the temperature of the air is uniform. In fact the temperature will vary over 3500 m, so the Mach 
cone will be curved. This speed and Mach number are only rough estimates 
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At =~ 
۷ 


Problem 12.38 


12.38 A supersonic aircraft flies at 3 km altitude at a speed of 
1000 m/s on a standard day. How long after passing directly above 
a ground observer is the sound of the aircraft heard by the ground 


observer? 
Given: Supersonic aircraft flying overhead 
Find: Time at which airplane heard 
Solution: 

; ; ۷ 
Basic equations: c=yk-R-T M=— 

8 

Given or available data v = 1000.3 h = 3km 


S 


The time it takes to fly from directly overhead to where you hear it is 


: h 
Tf the temperature is constant then x= 
tan(a) 


The temperature is not constant so the Mach line will not be straight. We can find a range of At by considering the temperature range 


M = 3.04 
At = — At = 8.62s 
M = 2.94 


A= ۸ 969 
۷ 


At ١1 65 


M =~ 
8 


x = 8291m 


and 


tan(a) 


h 


tan(a) 


Taking an average 


At h = 3km we find from Table A.3 that T = 268.7-K 
Using this temperature c=ykR-T c= 3292 
5 
_{ 1 
Hence a= ai =) a = 19.2 deg 
M 
At sea level we find from Table A.3 that T = 288.2-K 
Using this temperature c= ykRT c= 340— 
5 
. (1 
Hence a= ai =) a = 19.9deg 


Thus we conclude that the time is somwhere between 8.62 and 8.29 s. 
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Problem 12.39 [3] 


12.39 For the conditions of Problem 12.38, find the location at 
which the sound wave that first reaches the ground observer was 


emitted. 
Given: Supersonic aircraft flying overhead 
Find: Location at which first sound wave was emitted 
Solution: 
Basic equations: c=yk-R-T M = X a= ail =) 
c M 
Given or available data V = 1000-— h = 3-km k = 1.4 R = 286.9 a 
5 kg-K 
We need to find Ax as shown in the figure Ax = h-tan(a) 


The temperature is not constant so the Mach line will not be straight (a is not constant). We can find a range of a and Ax by 
considering the temperature range 


At h = 3km we find from Table A.3 that T = 268.7-K 
: a m ۷ 
Using this temperature c = J k-R-T c = 329— and M=— M = 3.04 
5 8 
1 
Hence [o = ai =) a = 19.2 deg Ax = htan(o) Ax = 1043m 
At sea level we find from Table A.3 that T = 288.2-K 
i í m V 
Using this temperature c=ykRT c = 340— and M = چو‎ M = 2.94 
5 8 
1 
Hence a= ai =) a = 19.9deg Ax = h-tan(a) Ax = 1085m 


Thus we conclude that the distance is somwhere between 1043 and 1085 m. Taking an average Ax = 1064-m 
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Problem 12.40 [4] Part 2/2 
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TM. 


[2] 
P0 7P1 
= 0.305% 
PO 
My = 0.156 
P0 Py 
= 1.21% 
Po 


Problem 12.41 


12.41 The airflow around an automobile is assumed to be in- 
compressible. Investigate the validity of this assumption for an 
automobile traveling at 60 mph. (Relative to the automobile the 
minimum air velocity is zero, and the maximum is approximately 


120 mph.) 

Given: Speed of automobile 

Find: Whether flow can be considered incompressible 
Solution: 


Consider the automobile at rest with 60 mph air flowing over it. Let state 1 be upstream, and point 2 the 
stagnation point on the automobile 


The data provided, or available in the Appendices, is: 


J 
g 
1 
Po dy qe 
The basic equation for the density change is —=|1+ E )12.206( 
1 
k-1 
k-1 
or Po = ZI ( : د‎ 
P1 kg 
P1 RT, P1 3 
m 
For the Mach number we need c cy = Jk RT, cy = 3432 
5 
۷ 
1 
۷ = 26.82 Mı = — My = 0.0782 
5 C1 
1 
اه‎ m 1 
Po = ZL * ‘My Po = 1.205 8 The percentage change in density is 
m 


This is an insignificant change, so the flow can be considered incompressible. Note that M < 0.3, the 
usual guideline for incompressibility 


۷ 
For the maximum speed present V4 = 120-mph ME 53.62 M, = ME 
5 8 
1 
1 
= 1+ idt M a o = 1.216 kg The percentage change in density is 
Po = P1 : 1 po = + 3 P 8 8 y 


This is still an insignificant change, so the flow can be considered incompressible. 
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Problem 12.42 [5] 


12.42 Opponents of supersonic transport aircraft claim that 
sound waves can be refracted in the upper atmosphere and that, as 
a result, sonic booms can be heard several hundred miles away 
from the ground track of the aircraft. Explain the phenomenon of 
sound wave refraction. 


Given: Supersonic transport aircraft 
Find: Explanation of sound wave refraction 
Solution: 


A sound wave is refracted when the speed of sound varies with altitude in the atmosphere. (The variation in sound speed is caused by 
temperature variations in the atmosphere, as shown in Fig. 3.3) 


Imagine a plane wave front that initially is vertical. When the wave encounters a region where the temperature increase with altitude 
(such as between 20.1 km and 47.3 km altitude in Fig. 3.3), the sound speed increases with elevation. Therefore the upper portion of 
the wave travels faster than the lower portion. The wave front turns gradually and the sound wave follows a curved path through the 
atmosphere. Thus a wave that initially is horizontal bends and follows a curved path, tending to reach the ground some distance from 
the source. 


The curvature and the path of the sound could be calculated for any specific temperature variation in the atmosphere. However, the 
required analysis is beyond the scope of this text. 
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Problem 12.43 


12.43 Plot the percentage discrepancy between the density at the 
stagnation point and the density at a location where the Mach 
number is M, of a compressible flow, for Mach numbers ranging 
from 0.05 to 0.95. Find the Mach numbers at which the dis- 
crepancy is 1 percent, 5 percent, and 10 percent. 


Given: Mach number range from 0.05 to 0.95 


Find: Plot of percentage density change; Mach number for 196, 596, and 1096 change 


Solution: 


The given or available data is: 


k-1 
p - 
٨ ړا‎ - Ed (12.20c) 
p 2 
Ap ٢ ۳ : 
00 00 Po 

E 

k 


http://librosysolucionarios.net 


k= 1.4 


Computing equation: 


Hence 


so 


Computed results: 


To find M for specific density changes 
use Goal Seek repeatedly 
0.55 14% Note: Based on p (not p,) the results are: 


iex CET oa 944] 
0.65 18% 
0.70 21% 


0.80 26% 
0.85 29% 
31% 
34% 


0.75 


Density Variation with Mach Number 


40% ¬ 


30% + 


Ap/p 


20% + 


10% + 


0% T T T T T T T 
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Problem 12.44 


12.44 An aircraft flies at 250 m/s in air at 28 kPa and —50'C. 
Find the stagnation pressure at the nose of the aircraft. 


Given: Aircraft flying at 250 m/s 
Find: Stagnation pressure 
Solution: k 
k-1 
p E 
Basic equations: c=yk-R-T M = = id =|1+ ٢ bat 
c p 2 
Given or available data ۷ = 250.2 T = (-50 + 273)-K p = 28-kPa k = 1.4 
5 
; m ۷ 
First we need c=yk-R-T c = 299 — then M=— M = 0.835 
5 8 
k 
k-i 4j" 
Finally we solve for po po 7 م١‎ + a -M ) po = 44.2 kPa 
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NOT an incompressible flow! 


Problem 12.45 


12.45 Compute the air density in the undisturbed air, and at the 
stagnation point, of Problem 12.44. What is the percentage in- 
crease in density? Can we approximate this as an incompressible 


flow? 

Given: Pressure data on aircraft in flight 

Find: Change in air density; whether flow can be considered incompressible 
Solution: 


The data provided, or available in the Appendices, is: 


k=14 po = 48-kPa p = 27.6-kPa T = (-55 + 273)-K 


Governing equation (assuming isentropic flow): 


+ = constant (12.12c) 
0 
1 
1 
Hence P a P? 
Po Po 
1 
Po-P 0 P ü 
» Ap _ 0 ۔‎ [m FEE M 
0 0 P p 0 
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Problem 12.46 [1] 


12.46 Find the ratio of static to total pressure for a car moving at 
55 mph at sea level and an airplane moving at 550 mph at 30,000 ft. 


Given: Car at sea level and aircraft flying at 30,000 ft 
Find: Ratio of static to total pressure in each case 
Solution: k 
k-1 
p - 
Basic equations: c=ykR-T M = hi ai =|1+ à hi 
C p 2 
; ; ft ft 
Given or available data Vear = 55:mph Vear = i Vplane = 550-mph Volane = dr 
ft-Ibf 
k = 1.4 Ba 9L LE 
At sea level, from Table A.3 T = 7 or T = 519R 
ft Vear 
Hence c= Jk Rar T c= e Moar = a Mear 3 
k 
k-1 
The pressure ratio is P? جزاے‎ k- M = 0.996 
Po 2 
Note that the Bernoulli equation would give the same result! 
At h = 30000-ft or h = 9144m „interpolating from Table A.3 
223.3 — 229.7)-K 
T = 229.7-K + (223.3 ee ia — 9000) T = 229K T = 412R 
(10000 — 9000) 
ft V plane 
Hence c= JKRajrT c= Pone Mplane - E Mblane = 0.811 
k 
k-1 
The pressure ratio is E 1+ = 1M 1 hs = 0.649 
Po 2 pran 
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Problem 12.47 [2] 


12.47 Foran aircraft traveling at M = 2 at an elevation of 12 km, 
find the dynamic and stagnation pressures. 


Given: Aircraft flying at 12 km 
Find: Dynamic and stagnation pressures 
Solution: k 
k-1 
۷ Po k-1,2 1 
Basic equations: c=ykRT M = — — =|1+ -M ==" v 
Given or available data M =2 h = 12-km k = 1.4 R = 286.9: سل‎ 
kg.K 
kg 
m 
k 
At h = 12km,from Table A.3 p = 0.2546.pgsr. p= 0312-5 p = 0.1915: psr, p = 19.4kPa T = 216.7-K 
m 
k 
k-1 

k-1 
Hence po = p(t + : w) Pp = 152kPa 
Also c= JERT c = 295— V = Mec V =590— 

5 5 
Hence =. v? = 54.3kP. 
Pdyn 7 2P: Pdyn 7 مې‎ 
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M = 0.65 
p = 26.4kPa 
V east 
S 
2: pg- P 
V = 
p 
205 — 195 
بت‎ wb. 1396 
195 


Problem 12.51 


12.51 An aircraft cruises at M = 0.65 at 10 km altitude on a 
standard day. The aircraft speed is deduced from measurement of 
the difference between the stagnation and static pressures. What is 
the value of this difference? Compute the air speed from this 
actual difference assuming (a) compressibility and (b) incompres- 
sibility. Is the discrepancy in air-speed computations significant in 
this case? 


Given: Mach number of aircraft 
Find: Pressure difference; air speed based on a) compressible b) incompressible assumptions 
Solution: 


The data provided, or available in the Appendices, is: 


J J 
R = 287. —— c, = 1004.—— k=14 
kg.K ٢ kg.K 
From Table A.3, at 10 km altitude T = 223.3-K p = 0.2615-101-kPa 
k 
; Po k-1 940 
The governing equation for pressure change is: —=|1+ 5 -M (12.20a) 
p 
k 
k-1 
k-1 
Hence po 7 Pf + a wi po = 35.1kPa 
The pressure difference is Po -P = 8.67 kPa 
a) Assuming compressibility c = yk: R-T c= 3002 V = Mec 
5 
b) Assuming incompressibility 
٢ p v? Po 2-[po - P 
Here the Bernoulli equation applies in the form =+ = — so V= 
p 2 p p 

For the density p= P2 p = 0.412 E 

R-T 3 

m 
Hence V = 2052 
5 


In this case the error at M= 0.65 in computing the speed of the aircraft using Bernoulli equation is 
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Problem 12.53 [2] 


12.53 Modern high-speed aircraft use “air data computers” to 
compute air speed from measurement of the difference between 
the stagnation and static pressures. Plot, as a function of actual 
Mach number M, for M = 0.1 to M = 0.9, the percentage error in 
computing the Mach number assuming incompressibility (i.e., 
using the Bernoulli equation), from this pressure difference. Plot 
the percentage error in speed, as a function of speed, of an aircraft 
cruising at 12 km altitude, for a range of speeds corresponding to 
the actual Mach number ranging from M = 0.1 to M = 0.9. 


Given: Flight altitude of high-speed aircraft 
Find: Mach number and aircraft speed errors assuming incompressible flow; plot 
Solution: k 
: ٩ PO k-1, 99 
The governing equation for pressure change is: — = | 1 + z M (12.20a) 
p 
k 
k-1 
Po k-1 
Hence Ap =Pp-P= [2 ] Ap =p: + tw’) -1 (1) 
p 
For each Mach number the actual pressure change can be computed from Eq. 1 
2 
p | 2 (po =P) 
Assuming incompressibility, the Bernoulli equation applies in the form P, ~ = 2n so V= و‎ y - مه‎ 
p p p p 


and the Mach number based on this is Mincomp = 


Using Eq. 1 Mincomp = 


The error in using Bernoulli to estimate the Mach number is — = 


M M 
For errors in speed: 
Actual speed: V ٠ ۷ = M-yk-R-T 
Speed assuming incompressible flow: Vinc= MincompV k-R-T 


A V; -V 
The error in using Bernoulli to estimate the speed from the pressure difference is A Li. M 
V 


The computations and plots are shown in the associated Excel workbook 
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Problem 12.53 (In Excel) [2] 


12.53 Modern high-speed aircraft use “air data computers" to 
compute air speed from measurement of the difference between 
the stagnation and static pressures. Plot, as a function of actual 
Mach number M, for M — 0.1 to M — 0.9, the percentage error in 
computing the Mach number assuming incompressibility (i.e., 
using the Bernoulli equation), from this pressure difference. Plot 
the percentage error in speed, as a function of speed, of an aircraft 
cruising at 12 km altitude, for a range of speeds corresponding to 
the actual Mach number ranging from M — 0.1 to M — 0.9. 


Given: Flight altitude of high-speed aircraft 
Find: Mach number and aircraft speed errors assuming incompressible flow; plot 


Solution: 


The given or available data is: 


R= 2869 J/kg.K 
k= 1.4 
T= 2167 K (At 12 km, Table A.3) 
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Computed results: 


c= 295 m/s 


[ 06 | 0627 | ase | 17 | 185 | 40%] 
[ 0s | oses | s2% | 236 | 255 | 82% | 
[ os | 0994 | 104% | 26 | 233 | 10.4% | 


Error in Mach Number Using Bernoulli 


12% 5 
1096 - 
896 - 
= 
E 6% - 
4% - 
2% 4 
0% 1 T T T T T T T T 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
M 
Error in Speed Using Bernoulli 
12% 5 
10% - 
8% - 
= 
= 6% 4 
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Problem 12.54 [2] 


12.54 A supersonic wind tunnel test section is designed to have 
M = 2.5 at 15°C and 35 kPa (abs). The fluid is air. Determine the 
required inlet stagnation conditions, 7o and po. Calculate the re- 
quired mass flow rate for a test section area of 0.175 m’. 


Given: Wind tunnel at M = 2.5 
Find: Stagnation conditions; mass flow rate 
Solution: k 
k-1 
p i T 5 
Basic equations: c=yk-R-T M = hs pi =|1+ E 1 کې 1 +1= = کې‎ 
c p 2 T 2 
Given or available data M= 25 T = (15 + 273)-K p = 35-kPa A= 0.175-m^ 
J 
k = 14 R = 286.9.—— 
kg.K 
k-1 2 
Then To = T|1+ : -M To = 648K To = 375-°C 
k 
k-1 
k-1 
Also po = م١‎ + 3 m) Pp = 598-kPa 
The mass flow rate is given by Date = PAV 
We need c= /kRT c = 340— V = Mc V = 850— 
5 5 
and also p= ae p= 04248. 
R-T 3 
m 
kg 
Then Hae = PAV Mrate = 63-0 — 
5 
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Problem 5 [2] 


Given : Steady air Flow Through a constant area duct. | 
Properties change cue to Tric tion, but Fon /s adiabat r. 


Find: (A) Show that the energy اټ‎ ation reduce. te 
hb, + MS DE Y” 2 Gastant 
z 2 | 
(b) Show that far aden bat te flow 7۵ = (+ Elm? 


(C Effects on 75, Fo. 


So/lutión: Apply tre energy Epa ation to the CV Shows 


RC) mea) P = FOCH) ; 


BE A + Hb سح‎ = sf € + f (epe) fî «dî 
/ / Cy cs 


ASSAMPÉEOAS: C4) QO =o (acdrabal 1 J 

@) Wg, =0 

(4) steady Flow 

(5) jai flow at cath section 
(b) Neglect Az 


ð= (a, + ا‎ ry PRA: if duos Y A مک(‎ 7] 
But hz u pr, and fF vA f= UAT leva/= m , so 


UR 2 2 
h,* Y m ےر‎ + E =h+L = ho = Constant 


Then 


Ideal gas; ho ^h = G7 -7), Go = ES Ch ker‏ )7( موم ددم 


- v* 
TALS Co 75 E G7 سپ‎ 2 
7 m kD ye | انا‎ V? لیا ہے‎ 7 


From the energy eguation, 7 m Jo, = 7% = اه‎ tan 


: ; Po, (Por 
The To diagram 1S MÀ 7g =Coasta dz 
7 


Simce Yu) 15 fyichonal, a, Ah, , Therefore fa. € Pos 
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[3] 


Fp = 1600-1bf 


Problem 12.56 


12.56 A new design for a supersonic transport is tested in a 
wind tunnel at M = 1.8. Air is the working fluid. The stagnation 
temperature and pressure for the wind tunnel are 200 psia and 
500°F, respectively. The model wing area is 100 in”. The 
measured lift and drag are 12,000 Ibf and 1600 Ibf, respectively. 
Find the lift and drag coefficients. 


Given: Wind tunnel test of supersonic transport 
Find: Lift and drag coefficients 
Solution: k 
k-1 
p T 
Basic equations: c=yk-R-T M = Bd a = E + s= v?) = =1+ 
c p 
FL FD 
asror عادد‎ 
2 2 
Given or available data M - 1.8 Tg = (500 +460)-R pg = 200 psi = Fy, تز‎ 5171 
ft-Ibf 
A= 100-in^ k = 14 Rair 53.33.——— 
Ibm R 
k 
po dese 
We need local conditions p= Po? + M ) p = 34.8 psi 
To 
T= T = 583R T = 123°F 
k-1,2 
1- -M 
Th E 
en c= Jk Rar T c= tgs- c = 807 mph 
ft 
and ۷ = Mc V = 2129— V = 1452mph 
5 
We also need p= 0 p= 0.00501 E 
Rair T fe 
FL 
Finally Cy, = Cy, = 1.52 
F 
D 
Cp = 7 Cp = 0.203 
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Problem 12.57 [2] 
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Problem 12.58 [2] 
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Problem 12.59 [2] 


12.59 Air flows in an insulated duct. At point (T) the conditions 
are M; = 0.1, T, = 20°C, and p; = 1.0 MPa (abs). Downstream, 
at point Q. because of friction the conditions are M» — 0.7, 
T; = —5.62°C, and p; = 136.5 kPa (abs). (Four significant figures 
are given to minimize roundoff errors.) Compare the stagnation 
temperatures at points (D and (2), and explain the result. Compute 
the stagnation pressures at points (D and O. Can you explain 
how it can be that the velocity increases for this frictional flow? 
Should this process be isentropic or not? Justify your answer by 
computing the change in entropy between points (D and (2). Plot 
static and stagnation state points on a 7s diagram. 


Given: Data on air flow in a duct 
Find: Stagnation pressures and temperatures; explain velocity increase; isentropic or not? 
Solution: 


The data provided, or available in the Appendices, is: 


J J 
R = 28 —- Cc, = 1004.—— k = 14 
kg.K ٢ kg.K 
M =0.1 Ty = (20+273)-K pı = 1000-kPa M, = 0.7 T5 = (-5.62 + 273)-K P2 = 136.5-kPa 

A k-1 2 
For stagnation temperatures: Toy = Ty} 1+ gd Tg, = 293.6K Tg, = 20.6.C 

k-1 2 
To? = Ty| 1+ a” Top = 293.6K Top = 20.6-C 


(Because the stagnation temperature is constant, the process is adiabatic) 


k 
a1, 2" 
For stagnation pressures: Por = pr + 7 Mi ) Po1 = 1.01-MPa 
k 
k-1 
k-1 
Po2 = po( zb 2 P Po2 = 189-kPa 
12 P2 J 
The entropy change is: As —-c,.In — | - R-ln| — As = 480. —— 
m m 
Note that Vi = My: /k-R-T V4 = 34.3— Vo = Mo. ۱ V> = 229— 
1 Vy 1 1 A 2 27 2 2 s 


Although there is friction, suggesting the flow should decelerate, because the static pressure drops so much, the net 
effect is flow acceleration! 


The entropy increases because the process is adiabatic but irreversible 
(friction). 


0 
From the second law of thermodynamics ds > E becomes ds > 0 
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Problem 12.60 [2] 


12.60 Air is cooled as it flows without friction at a rate of 0.05 
kg/s in a duct. At point (T) the conditions are M, = 0.5, T, = 500°C, 
and p, = 500 kPa (abs). Downstream, at point (2), the conditions are 
M; = 02, T; = —18.57 C, and p; = 639.2 kPa (abs). (Four signifi- 
cant figures are given to minimize roundoff errors.) Compare the 
stagnation temperatures at points (1) and D. and explain the result. 
Compute the rate of cooling. Compute the stagnation pressures at 
points 0 and ©. Should this process be isentropic or not? Justify 
your answer by computing the change in entropy between points 0 
and O. Plot static and stagnation state points on a Ts diagram. 


Given: Data on air flow in a duct 
Find: Stagnation temperatures; explain; rate of cooling; stagnation pressures; entropy change 
Solution: 
: ; ; ; i J J 
The data provided, or available in the Appendices, is: R = 287. —— Cc, = 1004. —— k = 14 
kg-K ٢ kg.K 
T4 = (500 + 273).K Py = 500-kPa T5 = (-18.57 + 273)-K P2 = 6392-kPa 
kg 
M, = 0.5 M, = 0.2 Miate = 9-05-—= 
5 
: k-1 2 
For stagnation temperatures: Tor = Ty} 1+ 7 -Mı To, = 811.7K Tg, = 939-C 
k-1 2 


The fact that the stagnation temperature (a measure of total energy) decreases suggests cooling is taking place. 


For the heat transfer: Q= Myate Cp (Too = To1) Q = -27.9kW 
k 
TEN d 
For stagnation pressures: P01 = pr + 3 :MQ ) Po1 = 593 kPa 
k 
k-1 
k-1 2 
T2 P2 J 
The entropy change is: As = مې‎ — |-1.11 — As = -1186 —— 


The entropy decreases because the process is a cooling process (Q is negative). 


0 
From the second law of thermodynamics: ds > T becomes ds > —ve 


Hence, if the process is reversible, the entropy must decrease; if it is irreversible, it may increase or decrease 
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[3] 


k 
k-1 
Po k-1 
emu Ac Y 
p 2 
2 
Vo 
2 
V4 = 150-— 
5 
J 
R = 286.9. —— 
kg-K 
P2 2.13 
02 7 ES 027 
ر۷‎ = 302— 
S 
kJ 
q = 160— 
kg 
Vo 
M, = — Mp = 0.711 
© 
P02 = 385 kPa 


Problem 12.62 


12.62 Air flows steadily through a constant-area duct. At section 


D, the air is at 400 kPa (abs), 325 K, and 150 m/s. As a result of 


heat transfer and friction, the air at section D downstream is at 


275 kPa (abs), 450K. Calculate the heat transfer per kilogram of 


so 


Air flow in duct with heat transfer and friction 


Heat transfer; Stagnation pressure at location 2 


c=yk-R-T M = y 
c 
y” 
p:V-A = const hy += + 
P2 = 275-kPa Ty = 450-K 
J 
c, = 1004. —— k = 1.4 
٢ kg.K 
P1 g 
= — = 4,29 — 
P1 E P1 3 
m 
P1 
p:V-A = const Vo = ۷ سا‎ 
P2 
2 2 
n -h5-h ٧ Y 
m درو رو‎ al 
د و‎ 
q = c (T2- Tj) + 2 
C = ٢١۱٢١ Cy = 425— 
25y 2 2 $ 
k 
T k-1 
Po2 = ام‎ + M, ) 
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air between sections D and (2), and the stagnation pressure at 


section (2). 
Given: 
Find: 
Solution: 


Basic equations: 


Given or available data 


Then 


and from 


Also 


We also have 


Hence 


Problem 12.63 
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[2] 


Tg; = 1299-°C 


To, = 6 


Problem 12.64 


12.64 Air enters a turbine at M, = 0.4, T, = 1250°C, and p, 
625 kPa (abs). Conditions leaving the turbine are M; = 0.8, T2 
650°C, and p2 = 20 kPa (abs). Evaluate local isentropic stagnation 


conditions (a) at the turbine inlet and (b) at the turbine outlet. 
Calculate the change in specific entropy across the turbine. Plot 


static and stagnation state points on a Ts diagram. 


Given: Air flow through turbine 
Find: Stagnation conditions at inlet and exit; change in specific entropy; Plot on Ts diagram 
Solution: k 
عا‎ 
p = 1 
Basic equations: — = E 4 s B ta) M =1+ E 5r 
p 
Given or available data M, = 0.4 Py = 625-kPa T4 = (1250 + 273)-K 
M, = 8 Pp = 20-kPa T5 = (650 + 273)-K 
J J 
c, = 1004.—— k = 14 R = 286.9.—— 
٢ kg.K kg.K 
k-1 
k 
k-1 
k-1 2 
k-1 2 
k 
k-1 
k-1 2 
T 
2 P2 J 
As = cpn — |-—R-In| — As = 485. —— 
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Problem 12.65 P. 
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Fund: Pressure difference ACSS wineow. 
Solution’ Ape ly rra tC رو ورم همو ود‎ Ans. 
i A k 

Computing equation: Dy =D (1+ be! net) Te 


Assumprhons: Ci) Idea! gas 
@) Isentropic flow 


Consider observe f mn arrarart : aur E 


IS decelerated sen BOCA tly Yvon re 
Meg = 689 ta /71=0.2. 


KE 1 Fm TO ble 4.3: CA Itu Fato: 2 “Py | 


Le El, $ fy = /9/.3 kia 
Clem y (==) (Pa) 


Z.S 0.2274 784.73 
13,0 0.Ilb3L l@.b 


Far fid 570-222 710^: 
a zo +) he: 7 js 2.5 
= Lo (+k = /6.6 Khe. (I + ty) = 27,2 ¿Pa (abs) 


f 7‏ د هج همه وه اک Far‏ 


Fo 22.2 KP, 
me = _ = 24.3 KF (abs) 
Pout (i+ ووېم ايا‎ icr 1+0. (0.33 Z a 


PBressiere difference across window o£! 


Ap = Pin "Rar = (747 - 26.5) kfa, = 49.2 k 
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Problem 12.66 


12.66 If a window of the cockpit in Problem 12.65 develops a 
tiny leak the air will start to rush out at critical speed. Find the 
mass flow rate if the leak area is 1 mm”. 


Given: Air flow leak in window of airplane 
Find: Mass flow rate 
Solution: En 
Basic equations: m =p-V-A V orit = = R-T de ae is 
i rate 7 P crit kri 0 7 : 
The interior conditions are the stagnation conditions for the flow 
Gi ilable d kg 
iven or available data Tọ = 271.9-K PsL = Lea pg = 0.7812: Psp, 
m 
(Above data from Table A.3 at an altitude of 2500 m) 
2 J 
A = 70 c, = 1004. —— k = 14 

٢ kg.K 

Th Po kg Ik 
en Perit 7 1 Perit = 0.607 Verit = m 150 
k-1 
k-1| | 
2 
Th fl i pals 
e mass flow rate is Miate = Perit Vcrit A Mrate = 1.83 x 10 p 
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[1] 
po = 740 psi 
absolute 


po = (725 + 14.7)psi 


Torit = 27078 


Perit = 361psi 


Problem 12.68 


12.68 The gas storage reservoir for a high-speed wind tunnel 
contains helium at 3600 R and 725 psig. Calculate the critical con- 
ditions (temperature, pressure, and flow speed) that correspond to 


Data on helium in reservoir 


Critical conditions 


these stagnation conditions. 


Given: 
Find: 


Solution: 


The data provided, or available in the Appendices, is: 


Tg = 3600-R 
To 
Terit = k+1 
2 
k 
k-1 Po 
) Perit = k 


ft 
Voi = 7471 = 
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k = 1.66 

To k+1 
Terit 2 

Po E +1 
Perit 2 


Vorit = y k-Rye Terit 


For critical conditions 


[1F Tw | 
rope Nol, socked, nor | 
eR. کا‎ ٢ X 
Ae شا‎ N RS 


CN کک‎ ds S GL هلي‎ 
ase = SS ana f= AUS oe 


Problem 12.69 
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[1] 


absolute 


Tg = 1773K 


Torit = 1478K 


Perit = 74.0 kPa 


Problem 12.70 


12.70 The hot gas stream at the turbine inlet of a JT9-D jet engine 
is at 1500°C, 140 kPa (abs), and M = 0.32. Calculate the critical 
conditions (temperature, pressure, and flow speed) that correspond 
to these conditions. Assume the fluid properties of pure air. 


Given: Data on hot gas stream 
Find: Critical conditions 
Solution: 


The data provided, or available in the Appendices, is: 


J 
R = 287.—— k = 1.4 Tg = (1500 + 273)-K 
kg: K 
E 7 Lo k+1 Lo 
For critical conditions = سال‎ 
Terit 2 k+1 
2 
k 
Po E + J EX r Po 
ÓN crit = 
Perit 2 ES 
ky 
2 
m 
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Problem 13.1 [2] 


13.1 Air is extracted from a large tank in which the temperature 
and pressure are 70°C and 101 kPa (abs), respectively, through a 
nozzle. At one location in the nozzle the static pressure is 25 kPa 
and the diameter is 15 cm. What is the mass flow rate? Assume 
isentropic flow. 


Given: Air extracted from a large tank 
Find: Mass flow rate 
Solution: 
2 2 (1-k) 
: V1 V2 p k 
Basic equations: Mrate = ۸۵ hy + x = ho + E xim const T-p = const 
p 
Given or available data Tg = (70+ 273) K Pp = 101-kPa p = 25-kPa 
J J 
D = 15-cm C, = 1004.-—— k = 1.4 R = 286.9. — 
p kg-K kg-K 
2 
"P T-D 2 
The mass flow rate is given by Mate = p-A-V A= د چو‎ A = 0.0177m 
: à Po kg 
We need the density and velocity at the nozzle. In the tank py = ت‎ pg = 1.026 — 
; R-To ne 
k k 
From the isentropic relation P = Po P p- 0.3792 
Po a 


We can apply the energy equation between the tank (stagnation conditions) and the point in the nozzle to find the velocity 


2 


۷ 
hy = h + — V = J/2:(hp-h)= /2:c, (Tp - T 
ys [2 (5 75) دد د‎ 
(1-À) 
: k 
Fot T we again use insentropic relations T= Te T = 230.167K T = -43.0-*C 
p 
m 
Then V = 20 (Ty -T) V = 476— 
٢ 5 
kg 


The mass flow rate is Mrate = PAV Mate = 3-18 — 


Note that the flow is supersonic at this point M = 1.57 


Hence we must have a converging-diverging nozzle 
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Problem 13.3 


13.3 Steam flows steadily and isentropically through a nozzle. 


[2] 
(Table A.6) 

i 
v = 0.1225. — 

kg 
M = 1.35 


At an upstream section where the speed is negligible, the tempera- 
ture and pressure are 450 C and 6 MPa (abs). At a section where 
the nozzle diameter is 2 cm, the steam pressure is 2 MPa (abs.). 
Determine the speed and Mach number at this section and the 
mass flow rate of steam. Sketch the passage shape. 


Given: Steam flow through a nozzle 

Find: Speed and Mach number; Mass flow rate; Sketch the shape 

Solution: : : 
Vi va 

Basic equations: mae = ۷۰۸۵ hi + ES = ho + E 


Assumptions: 1) Steady flow 2) Isentropic 3) Uniform flow 4) Superheated steam can be treated as ideal gas 


Given or available data Tg = (450 + 273).K Pp = 6-MPa p = 20 
J 
D = 2-cm k = 1.30 R = 461.4. —— 
kg-K 
From the steam tables (try finding interactive ones on the Web!), at stagnation conditions 
J J 
Sg = 6720.—— hg = 3.302 x io 
kg.K kg 
Hence at the nozzle section s = S0 = 6720. and | p =2MPa 
kg.K 
J 
From these values we find from the steam tables that T - 289?C h = 2.997x 10 — 
g 
m 
Hence the first law becomes V= [24 hy = h) V = 781— 
0 5 
A-V m-D? 4 2 
The mass flow rate is given by Mate = PAV = — A= EE A - 314:» 10 m 
۷ 
AV kg 
Hence Miate Miate = 2-00 — 
۷ 5 
For the Mach number we need c=ykR-T c = 581 — M = = 
5 8 
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Problem 13.4 [2] 


13.4 At a section in a passage, the pressure is 150 kPa (abs), the 
temperature is 10°C, and the speed is 120 m/s. For isentropic flow 
of air, determine the Mach number at the point where the pressure 
is 50 kPa (abs). Sketch the passage shape. 


Given: Air flow in a passage 
Find: Mach number; Sketch shape 
Solution: 
k 
k-1 

Po k-1 
Basic equations: — = E T 7 M c=ykRT 

p 
Given or available data T4 = (10+273)-K Pq = 150-kPa Vi= 120.2 

S 
J 
p? = 50-kPa k = 1.4 R = 286.9. — 
kg.K 
m 
The speed of sound at state lis cy = ۱ cy = 337— 
1 ٣ 1 1 š 
۷ 
Hence M = — My = 0.356 
8 
1 k 
k-1 
; 1 à; Po k-1 2 
For isentropic flow stagnation pressure is constant. Hence at state 2 — =|1+ M, 
P2 

Hence po = 164kPa 
Solving for M5 Mp = 1.42 
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Problem 13.5 [2] 


13.5 Ata section in a passage, the pressure is 30 psia, the tem- 
perature is 100 F, and the speed is 1750 ft/s. At a section down- 
stream the Mach number is 2.5. Determine the pressure at this 
downstream location for isentropic flow of air. Sketch the passage 
shape. 


Given: Data on flow in a passage 


Find: Pressure at downstream location 


Solution: 
The given or available data is: R= 53.33 felbf/lbm-"R 
k= 1.4 
T,- 560 "R 
P= 30 psi 
Vi= 1750 ft/s 
M,= 2.5 
Equations and Computations: 
From T; and Eq. 12.18 c = VkRT 
C= 1160 ft/s 
Then M,= 1.51 


From M , and p and Eq. 13.7a 
(using built-in function Isenp (M ,k)) 


٩٢ RED 
Po - [ + Ej m? | 
p 


Po1 7 111 psi 
For isentropic flow (p o1 = p 02) 
Po2= 111 psi 


From M, and p 9, and Eq. 13.7a 
(using built-in function Isenp (M ,k )) 
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Errors 


0.00% 


0.00% 


Sum 0.00% 


> 
* 
I 
2 
RE 
m 
o 
o 
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Problem 13.6 [3] 


13.6 Air flows isentropically through a converging-diverging 
nozzle from a large tank containing air at 250 C. At two locations 
where the area is 1 cm’, the static pressures are 200 kPa and 
50 kPa. Find the mass flow rate, the throat area, and the Mach 
numbers at the two locations. 


Given: Data on flow in a nozzle 


Find: Mass flow rate; Throat area; Mach numbers 


Solution: 
The given or available data is: پر‎ 286.9 J/kg: K 
k= 1.4 
To= 523 K 
Pi= 200 kPa pa^ 50 kPa 
A= 1 cm? 


Equations and Computations: 


We don't know the two Mach numbers. We do know for each that Eq. 13.7a applies: 
k/(k-L) 
0 k — 1 4 
Po - [ as ul 


Hence we can write two equations, but have three unknowns (M ,, M », and p o)! 


We also know that states 1 and 2 have the same area. Hence we can write Eq. 13.7d twice: 


k+1)/2(k-1) 
k-i aT 
M- 


E 


٩ 


We now have four equations for four unknowns (A *, M ,, M 2, and po)! 
We make guesses (using Solver) forM , and M ;, and make the errors in computed A * and p o zero. 


For MOE M," S 


from Eq. 13.7a: Po= 239 kPa Po= 239 kPa 


and from Eq. 13.7d: A* = 0.759 — cm? 


Note that the throat area is the critical area 
The stagnation density is then obtained from the ideal gas equation 
3 
Po= 159 kg/m 
The density at critical state is obtained from Eq. 13.7a (or 12.22c) 
p*= 101 kg/m? 
The velocity at critical state can be obtained from Eq. 12.23) 


V* = ct RT, 


>: ASS 
Vk+1 
vez 418 m/s 


The mass flow rate is p*V *A * 


m we = || 00521 kgs 
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Problem 13.8 [3] 


13.8 Air flows steadily and isentropically through a passage at 
150 Ibm/s. At the section where the diameter is D = 3 ft, M = 1.75, 
T = 32°F, and p = 25 psia. Determine the speed and cross-sectional 
area downstream where T = 225°F. Sketch the flow passage. 


Given: Air flow in a passage 
Find: Speed and area downstream; Sketch flow passage 
Solution: k+1 
k-1 2 2-(k-1) 
To k-12 a 1 iS 
Basic equations: — =1+ M c=yk RT = —| ———_ 
D : Agi M kel 
2 
Given or available data T4 = (32 + 460)-R Py = 25psi M, = 1.75 
ft-lbf 
Ty = (225 + 460)-R k = 14 Rair = 53.33.——— 
lbm-R 
2 
TB 2 
H k-1 2 5 
ence To = Ty| 1+ 7 ‘My Tg = 793R Tg = 334°F 
For isentropic flow stagnation conditions are constant. Hence 
M, = 0.889 
Isoh ft 
We also have Cy = Jk Rai T? Cp = oar 
: ft 
ence V5 = Moco Vo= Et 
i ‘ ۵٧ 2 
rom state Acrit = Î Acrit = 5.10ft 
k-1 " 2-(k-1) 
1+——-M, 
2 
k+1 
2 
k+1 
k-1 2 a) 
1+ -M 
Acrit 2 2 
Hence at state 2 A) = |i A» = 5.15ft 
M2 En 
2 
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Problem 13.10 [2] 


13.10 For isentropic flow of air, at a section in a passage, A = 
0.25 m’, p = 15 kPa (abs), T = 10°C, and V = 590 m/s. Find the 
Mach number and the mass flow rate. At a section downstream 
the temperature is 137°C and the Mach number is 0.75. Determine 
the cross-sectional area and pressure at this downstream location. 
Sketch the passage shape. 


Given: Data on flow in a passage 


Find: Flow rate; area and pressure at downstream location; sketch passage shape 


Solution: 
The given or available data is: R= 286.9 J/kg .K 
k= 1.4 
Aj= 025 کم‎ 
T= 283 K 
P= 15 kPa 
Vi 590 m/s 
T,= 410 
M;- 0.75 
Equations and Computations: 
From T , and Eq. 12.18 c= #0 (12.18) 
C417 337 m/s 


Because the flow decreases isentropically from supersonic to subsonic 
the passage shape must be convergent-divergent 


From p , and T , and the ideal gas equation 
pı= 0185 kg/m 


The mass flow rate is m rae = p¡A1V1 


m me = e's 
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(13.7d) 


(13.7a) 


From M and A and Eq. 13.7d 
(using built-in function IsenA (M ,k)) 


(k+1)/2(k-1) 


k- 1 > 
M^ 


1 + 


A* = 0.10 m 


From M, and A *, and Eq. 13.7d 
(using built-in function IsenA (M ,k)) 


From M , and p ;, and Eq. 13.7a 
(using built-in function Isenp (M ,k)) 


po =l 
p 2 
Poa 79.9 kPa 
For isentropic flow (p 9; = p 02) 
Po = 79.9 kPa 


From M, and p 9, and Eq. 13.7a 
(using built-in function Isenp (M,k)) 
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[3] 


100 


Flow Rate in a Converging Nozzle 


0.014 


0.012 


0.010 


0.008 


0.006 


Problem 13.11 


13.11 Atmospheric air (101 kPa and 20°C) is drawn into a re- 
ceiving pipe via a converging nozzle. The throat cross-section 
diameter is 1 cm. Plot the mass flow rate delivered for the receiv- 
ing pipe pressure ranging from 100 kPa down to 5 kPa. 


Given: Flow in a converging nozzle to a pipe 


Find: Plot of mass flow rate 


Solution: 
The given or available data i: R= 287 J/kg-K 
k= 14 

To= 293 K 

Po= 101 kPa 

D,= 1 cm 

A, = 0.785 cm” 
Equations and Computations: 

7 ki(k-1) 

The critical pressure is given by = = ES (12.22a) 

p*= 53.4 kPa 


Hence for p = 100 kPa down to this pressure the flow gradually increases; then it is constant 


p M T (K) c |V=M-clp » p/RT| Flow 
(kPa)|(Eq. 13.7a) (Eq. 13.7b)| (m/s)| (m/s) (kg/m?) (kg/s) 


292 
[59 | 0169 | 291 |342| 58 | 1.18 | 0.00539 | 


| 98 | 0.208 | 290 | 342] 71 | 118 | 0.00656 | 0020 
ois 


| 96 | 0.270 | 289 | 341} 92 | 116 | 0.00838 | 


0.016 


| 90 | 0409 | 284 |337| 138 | 111 | 0.0120 | 
| 80 | 0587 | 274 |332| 195 | 102 | 0.0156 | 
| 6o | 0.896 | 252 13181 285 | 0.828 | 0.0186 | 


Flow Rate (kg/s) 


0.004 


و 


0.000 , i | 


50 60 70 80 90 
p (kPa) 
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Using critical conditions, and Eq. 13.9 for mass flow rate: 


(Note: discrepancy in mass flow rate is due to round-off error) 


Problem 13.12 [2] 


13.12 Repeat Problem 13.11 if the converging nozzle is replaced 
with a converging-diverging nozzle with an exit diameter of 2.5 
cm (same throat area). 


Given: Flow in a converging-diverging nozzle to a pipe 
Find: Plot of mass flow rate 


Solution: 


The given or available data is R- 2869 JkgK 


D,- 1 cm De- 25 cm 
حم‎ 0.785 cm A.= 4909 cm 
Equations and Computations: 
, k/(k— 1) 
The critical pressure is given by » = E i 1 | (12.22a) 
p*- 534 kPa This is the minimum throat pressure 


For the CD nozzle, we can compute the pressure at the exit required for this to happen 


A*- 0.785 cm (2A) 
AJA*= 5 
M.= 00931 or 3.41 (Eq. 13.7d) 
Pe= 4 or 67.2 kPa (Eq. 13.7a) 


Hence we conclude flow occurs in regimes iii down to v (Fig. 13.8); the flow is ALWAYS choked! 


p* M T* (K) c* [v*-c*|o-p/RT| Flow 
(kPa)| 13.73) |(Eq. 13.75] (m/s) | (ws | (kg) | (kgs) 


(Note: discrepancy in mass flow rate is due to round-off error)| 0.0185 (Using Eq. 13.9) 
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Problem 13.13 [3] 


13.13 A passage is designed to expand air isentropically to 
atmospheric pressure from a large tank in which properties are 
held constant at 40°F and 45 psia. The desired flow rate is 2.25 
Ibm/s. Assuming the passage is 20 ft long, and that the Mach num- 
ber increases linearly with position in the passage, plot the cross- 
sectional area and pressure as functions of position. 


Given: Data on tank conditions; isentropic flow 


Find: Plot cross-section area and pressure distributions 


Solution: 
The given or available data is: R= 53.33 ft-Ibf/Ibm-^R 
k- 1.4 
To= 500 °R 
Po= 45 psia 
P= 14.7 psia 
M rate = 2.25 Ibm/s 


Equations and Computations: 


From p o, p e and Eq. 13.7a (using built-in function IsenMfromp (M,k)) 


Po k=1 1D 
= [ += se (13.7a) 
M.= 1.37 


Because the exit flow is supersonic, the passage must be a CD nozzle 
We need a scale for the area. 
From p o, To, m iow, and Eq. 13.10c 


] Apo 
M choked = 76.6 22 (13.100) 
To 
Then A, =A*= 00146 ft” 
For each M, and A *, and Eq. 13.7d 
(using built-in function IsenA (M ,k) 
(k+1)/2(k-1) 
E=1 5 
A | | c Es M 
Ar x ER (13.7d) 


we can compute each area A. 
From each M, and p, and Eq. 13.7a 


(using built-in function Isenp (Mk) 
we can compute each pressure p . 
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20 


0.069 44.9 
44.8 
44,7 
44,5 
44.4 
441 
43.7 
42.7 
41.5 
40.0 
384 
36.7 
34.8 
32.8 
30.8 
28.8 


7 sia) 


26.8 
249 
23.8 
211 
19.4 
17.7 
16.2 
147 


Area Variation in Passage 


5 10 15 
L (ft) 


Pressure Variation in Passage 


http://librosysolucionarios.net 


L (ft) 
1.00 
1.25 
1.50 
1.75 
2.00 
2.50 
3.00 
4.00 
5.00 


7.00 
8.00 


10.00 
11.00 
12.00 
13.00 
14.00 

14.6 
16.00 
17.00 
18.00 
19.00 
20.00 


0.14 - 
0.12 4 
0.10 4 
0.08 4 
0.06 4 
0.04 4 
0.02 4 


0.00 


A (ft?) 


p (psia) 


Problem 13.14 [2] 


13,14 Air flows isentropically through a converging nozzle into 
a receiver in which the absolute pressure کا‎ 35 psia. The air enters 
the nozzle with negligible speed at a pressure of 60 psia and a 
temperature of 200 ۳. Determine the mass flow rate through the 
nozzle for a throat diameter of 4 in. 


Given: Air flow in a converging nozzle 
Find: Mass flow rate 
Solution: 
k 
l To k-1,2 PO EA 
Basic equations: Miate = ۷۰۸ p-pRT — =1+ M — =|1+ . ٧ 
1 2 p 2 
Given or available data py = 35-psi Pp = 60-psi Tg = (200 + 460)-R D, = 4:in 
ft-Ibf 
k=14 e a تد‎ A, = 0.0873-ft 
Ibm-R 4 


p 
Since A = 0.583 is greater than 0.528, the nozzle is not choked and p, = py 


Po 
Hence M, = M, = 0.912 
Lo 
and Ti = لک يې‎ Ti = 566-R Ti = 106-°F 
k-1 2 
1+——-M, 
ft 
q = ER T Noe: V, = 1166-— 
Pt -3 sl 
Pt = Py = 5.19 x 10 p= 
Ra: T 
air t ft 
slug ]bm 
Mate = PrArVt Mate = 0.528: Mate = 17.0: ٩ 
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[2] 
k 
PO SN 
—=/1+ M 
p 2 
m 
V4 = 150-— M, = 0.5 pp = 250-kPa 
5 
J 
R = 286.9. —— 
kg.K 
Pb 
po = 415kPa — = 0.602 (Not choked) 
Po 
Pt = Pp p, = 250kPa 
M, = 0.883 
2 
1 [V1 
1 = == ېل‎ = 224K T1 = —49.1 °C 
k-R | My, 
Tg = 235K Tg = -37.9°C 
T, = 204K T, = -69.6%C 
c = 286— 
5 
V, = 252— 
5 


Problem 13.15 


13.15 Air flows isentropically through a converging nozzle into 
a receiver where the pressure is 250 kpa (abs). If the pressure is 
350 kpa (abs) and the speed is 150 m/s at the nozzle location 
where the Mach number is 0.5, determine the pressure, speed, and 
Mach number at the nozzle throat. 


Given: Isentropic air flow in converging nozzle 


Find: 


Pressure, speed and Mach number at throat 


Solution: 


Basic equations: 


Given or available data p, = 350-kPa 


k = 14 


The flow will be choked if pypo < 0.528 


k 
k-1 2)1 
k 
k-1 
Po k-1 
Hence —— E LM where 
Pt 2 
so 
Also Vy = Myc, = Mz: [k-R-Ty or 
k-1 
1 
0 
Hence 1 = 
k-1 2 
1+——-M, 
Then = k-R-T, 
Finally Vi = Mee 


http://librosysolucionarios.net 


Problem 13.16 [3] 


13.16 Air is flowing steadily through a series of three tanks. The 
first very large tank contains air at 650 kPa and 35'C. Air flows 
from it to a second tank through a converging nozzle with exit 
area 1 cm. Finally the air flows from the second tank to a third 
very large tank through an identical nozzle. The flow rate through 
the two nozzles is the same, and the flow in them is isentropic. 
The pressure in the third tank is 65 kPa. Find the mass flow rate, 
and the pressure in the second tank. 


Given: Data on three tanks 
Find: Mass flow rate; Pressure in second tank 


Solution: 
The given or available data is: R 286.9 J/kg.K 
k 1.4 
A, 1 cm” 


We need to establish whether each nozzle is choked. There is a large total pressure drop so this is likely. 
However, BOTH cannot be choked and have the same flow rate. This is because Eq. 13.9a, below 


A. 
P choked = 0.04772 (13.9b) 
۷ +0 


indicates that the choked flow rate depends on stagnation temperature (which is constant) but also 
stagnation pressure, which drops because of turbulent mixing in the middle chamber. Hence BOTH nozzles 
cannot be choked. We assume the second one only is choked (why?) and verify later. 


Temperature and pressure in tank 1: To = 308 K 
Pm” 650 kPa 
We make a guess at the pressure at the first nozzle exit: Pax 527 kPa 


NOTE: The value shown is the final answer! It was obtained using Solver ! 


This will also be tank 2 stagnation pressure: Por | 527 kPa 
Pressure in tank 3: P3= 65 kPa 


Equations and Computations: 


From the p ., guess and Eq. 13.17a: Me = 0.556 

Then at the first throat (Eq.13.7b): Ta = 290 K 

The density at the first throat (Ideal Gas) is: Pe 6.33 kg/m? 

Then c at the first throat (Eq. 12.18) is: Qu 341 m/s 

Then V at the first throat is: Vax 190 m/s 

Finally the mass flow rate is: M rate = 0.120 kg/s First Nozzle! 


For the presumed choked flow at the second nozzle we use Eq. 13.9a, with T, = T o2 and p o: 


M rate = icy kg/s Second Nozzle! 


For the guess value for p ¿, we compute the error between the two flow rates: 


AM rate = 0.000 kg/s 
Use Solver to vary the guess value for p ¿, to make this error zero! 
Note that this could also be done manually. 
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| “Probes ٤7 


Gwen : بوا عم هه مد‎ at aac ER a Nas e Ao ro ean a. | 
Da Nowe discharges fo of Isela: 


= 555c BE | 
و‎ Nau. = vox Vx. (ded. | 


Pa = V So Ra Qo 
l End: ۷ & 
سالک‎ . 
eae eq poluens ` کی‎ eva = CONS. Ya کم‎ | 

, To ha u E ha a Ma 

Computing eq roles y EM 5 2 x uv iwl cs \kex 
Wssuenplioans O eod G eus Gy untar Gan Pm "T arl cs 
(2 Wero fon m یا و‎ \deod a | 


> d 
Se. z S 2010358 0524 Q9 Regie | 5 همک‎ ad M می‎ 


loco A‏ دد 


Shee 


From e ST eq pen ورو و‎ ond Merce voc need Vo 
deere, Re and لم‎ | 
Ve EN E 423 KW 3 

= * vs haw $ Mis کیام‎ = TNE asas? Veto V. 


«ls‏ 5 = ا COSS = oe ed "S Ne‏ واا کت د د د 


UNE Pi > AES S 
‘eel. لاو‎ AN ET AC [mesi S => 343 Reo 


Eo e A یا‎ M 
WT wx اغ‎ i AA a VM la la 


| Finally 


ff 


1 NES 
MS RA RCE VM تا‎ e SE ¿dro شم‎ QD SHE ka le 


s‏ کې 
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[2] 


(12.22a) 


(13.7a) 


Problem 13.19 


13.19 Air flowing isentropically through a converging nozzle dis- 

. . 2 
charges to the atmosphere. At a section the area is A = 0.05 m”, 
T = 3.3°C, and V = 200 m/s. If the flow is just choked, find the 
pressure and the Mach number at this location. What is the throat 
area? What is the mass flow rate? 


Given: Data on converging nozzle; isentropic flow 


Find: Pressure and Mach number; throat area; mass flow rate 


Solution: 
The given or available data is: R= 286.9 J/kg.K 
k= 1.4 
A= 005 m 
T; 276.3 K 
Vi= 200 m/s 
P am = 101 kPa 
Equations and Computations: 
From T , and Eq. 12.18 c= V kRT (12.18) 
C= 333 m/s 


To find the pressure, we first need the stagnation pressure. 
If the flow is just choked 


From p, = p * and Eq. 12.22a 


From M , and p o, and Eq. 13.7a 
(using built-in function Isenp (M ,k) 


ki(k—1) 
k—1 b] 
1 + zu 


r 
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The mass flow rate is m ate = p14 1V1 
Hence, we need ړم‎ from the ideal gas equation. 

P= 1.89 kg/m 
The mass flow rate m مې‎ is then 


m me = 06 


The throat area A, = A * because the flow is choked. 


From M , and A,, and Eq. 13.7d 
(using built-in function IsenA (M ,k) 


(kK+1)/2(k-1) 
k—1.., 
A 1 1 + 7 M 
A* - 1 k+l (13.7d) 
2 
A*= 0.0421 m 


2 
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Problem 13.23 [2] 


13.23 Air at 0°C is contained in a large tank on the space shuttle. 
A converging section with exit area 1 X 107? m? is attached to the 
tank, through which the air exits to space at a rate of 2 kg/s. What 
are the pressure in the tank, and the pressure, temperature, and 
speed at the exit? 


Given: Temperature in and mass flow rate from a tank 


Find: Tank pressure; pressure, temperature and speed at exit 


Solution: 
The given or available data is: R= 286.9 J/kg.K 
k= 1.4 
To= 273 K 
۸ 0.001 m 
M rate = 2 kg/s 
Equations and Computations: 
Because 0م م‎ Pe= p* 
Hence the flow is choked! 
Hence T.= T* 
From To, and Eq. 12.22b 
To = k+1 (12.22b) 
* 2 
T*- 228 K 
T= K 
"G 
Also M.= 1 
Hence ۷ ج حم‎ Ge 
From T, and Eq. 12.18 c= VERT (12.18) 
Co= 302 m/s 


To find the exit pressure we use the ideal gas equation 
after first finding the exit density. 
The mass flow rate is M pate = PA Ve 


Hence p^ 2 kg/m? 


From the ideal gas equation p, = PRT e 


=p* (k-1) 
From p e = p * and Eq. 12.22a Po ke 1180679 
rd 5 (12.22a) 


We can check our results: 
From po, To, A, and Eq. 13.9a 


FE > (k+1)/2(k-1) 
MM choked = AePo V RT (3) 


(13.9a) 


Then M choked = 2.00 kg/s 


M choked = M rate Correct! 
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Problem 13.24 [2] 


13.24 A large tank initially is evacuated to —10 kPa (gage). 
(Ambient conditions are 101 kPa at 20°C.) At t = 0, an orifice of 
5 mm diameter is opened in the tank wall; the vena contracta area 
is 65 percent of the geometric area. Calculate the mass flow rate at 
which air initially enters the tank. Show the process on a Ts dia- 
gram. Make a schematic plot of mass flow rate as a function of 
time. Explain why the plot is nonlinear. 


Given: Isentropic air flow into a tank 
Find: Initial mass flow rate; Ts process; explain nonlinear mass flow rate 
Solution: 1 
i a 
0 k-1 Po k-1 
Basic equations: — =1+ M? —=|1+ M? Miate = PAV 
T 2 p 2 
Given or available data pg = 101-kPa Pp = Pp - ٢ Pp = 91-kPa Tg = (20 + 273)-K 
J 
k=14 R = 286.9.—— D = 5mm 
kg.K 
T 2 2 
Then A= i Avena = 65:%:A Avena = 76 
Pb 
The flow will be choked if py/py < 0.528 — =0.901 (Not choked) 
Po 
k 
k-1 
Po k-1 
Hence - E * M? where Pvena ~ Pb Pvena = 9L kPa 
Pvena 2 


SO My ena Mvena 0.389 
Lo 
Then Tyena = = Tvena = 284K Tvena = 11.3-°C 
1+ ‘Myena 
m 
Then Cvena = J KR Tyena Cvena 7 on 
d m 
an Vvena = Myena' “vena Vvena = em 
Pyena kg 
ng Pvena 7 RT 5 Pyena = 112-4 
vena m 
Finall x Aa ay -187x10 ° 
y Mrate 7 Pvena fvena' Y vena پا‎ — +: — 


S 


The Ts diagram will be a vertical line (T decreases and s = const). After entering the tank there will be turbulent mixing (s increases) and t 
comes to rest (T increases). The mass flow rate versus time will look like the curved part of Fig. 13.6b; it is nonlinear because V AND p vi 
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Problem 13.25 [3] 


13.25 A-50 cm diameter spherical cavity initially is evacuated. 
The cavity is to be filled with air for a combustion experiment. 
The pressure is to be 45 kPa (abs), measured after its temperature 
reaches Tam. Assume the valve on the cavity is a converging noz- 
zle with throat diameter of 1 mm, and the surrounding air is at 
standard conditions. For how long should the valve be opened to 
achieve the desired final pressure in the cavity? Calculate the en- 
tropy change for the air in the cavity. 


Given: Spherical cavity with valve 
Find: Time to reach desired pressure; Entropy change 
Solution: k 
T k-1 T 
0 k-1 Po k-1 2 P2 
Basic equations: — =1+ M —=|1+ M As-c,ln — | — Rn — 
k+1 
: د‎ X270 
= p-R-T c= Jic R-T ma, =p:A-V m = Appo LE 
P =p rate 7 P choked = +t Po ET (= 7 
Given or available data pg = 101-kPa Tatm = (20+ 273)-K To = Tatm d = 1-mm D = 50-cm 
= 45-kPa Tp =T k = 1.4 R = 286.9 : c, — 1004 : 
: : T 2 2 1 T 3 3 
Then the inlet area is Ar —d A, = 0.785mm and tank volume is V = ris V = 0.131m 
4 
Pb 
The flow will be choked if pypo < 0.528; the MAXIMUM back pressure is py = pr SO — = 0.446 (Choked) 
Po 
. — Pf kg f : 
The final density is Pp = — pg = 0.535 = and final mass is M = p¢-V M = 0.0701kg 
ند‎ m 
i : y M 
Since the mass flow rate is constant (flow is always choked) M = Mate At or At = 
1 rate 
2-(k-1) 
k 2 -4kg 
We have choked flow so m, = Arpo: | ==. | —— m =1.873x10 = 
rate 00 | Em (= 7 rate " 
M : 
Hence At = At = 374s At = 6.23 min 
Mrate 


The air in the tank will be cold when the valve is closed. Because p =M/V is constant, p = pRT = const x T, so as the temperature rises to 
ambient, the pressure will rise too. 


T 
2 P2 
For the entropy change during the charging process is given by As = cy ln T R-In 7 where T4 = Tatm T> = Tam 
and - - Hence As = cln 2 R-In i As = 232 : 
P1 = Po P2 = Pf = Cp 3 7 = - 
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7-٣ Problem 7 ME. 
Given: "Rocket "cart propelled by compressed AIN, canuerging nega le. | 


Initially ny tank, f =13 MPA labs), Ta = 20°C, Mo= 23 kg 
i Ag 7350 mm: Fg. N, Atfadgnamic drag ۸ Negligible, 


Fine : (a) Pressoasre 10 Exit Plane. 

(b) Mass flocs rate of air Through 46 
| (c) Acceleration of assembly. | 
| (4) Static and stagnation states on Is diagram. 


Solution! Assume Steady, ONE tas one Sig ob A dol gas. 


a . k ne 
Computing equations: i, ې‎ J+ KIM j A al د ترا‎ ; e - ری‎ p Lan 


ae و کد و‎ 
^ | pape 206 Sanath 4 chiar 
doe etd یر یا‎ boc m 


: = i 
Check try Chefs: Pactra = fol xr u Û mm < DETE so Cho kt . Me = f j 
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| e it z وم‎ it e 
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men: Ske ady 
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i. 
Seo rene 1 ws sendy Keo CEN an kere Roo نا‎ C. Sack وت‎ 


Vo Afere Y 2 


د د د >= EN‏ 


SN, 
Sess Lor Y, & : " 1 
l 1 . E | 

Nm Ps (USES. TM A RS vh " O 5 xA Es ۴ وه‎ Sus | 

T R VAS اا(‎ e we سا سل نا کن‎ 
ASAS 

IN r x 
P EUN غه‎ WARM مهد‎ e NANA PS 


Vea musa arec E NOLO E Ask: 
Ver AOS , Gen Eg era Mate UBAO deans nc سلو ند‎ 
لا‎ ba = CSS cios = SE „ı60 = -25HL AE 
= NI Wot VA | ون‎ = AM 


ey => 


A, = Nafa = A (ets = WE RUN tiM 


د 
Re‏ = د 
ae ae de‏ 


[3] 


Problem 13.29 


13.29 An air-jet-driven experimental rocket of 25 kg mass is to 


be launched from the space shuttle into space. The temperature of 
the air in the rocket's tank is 125°C. A converging section with 
exit area 25 mm? is attached to the tank, through which the air ex- 
its to space at a rate of 0.05 kg/s. What is the pressure in the tank, 
and the pressure, temperature, and air speed at the exit when the 
rocket is first released? What is the initial acceleration of the 


rocket? 


Given: Air-driven rocket in space 


Find: Tank pressure; pressure, temperature and speed at exit; initial acceleration 


Solution: 
The given or available data is: R= 286.9 J/kg.K 
k- 1.4 
To= 398 K 
۸ 25 mm 
M= 25 kg 
M rate 0.05 kg/s 
Equations and Computations: 
Because p, = 0 Pe= p* 
Hence the flow is choked! 
Hence T.= T* 
From T y, and Eq. 12.22b 
fu tl (12.22b) 
1” 2 
T* = 332 K 
T= K 
°C 
Also M.= 1 
Hence v.= v*= Co 
From T, and Eq. 12.18 c= VKkRT (12.18) 
C.= 365 m/s 
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To find the exit pressure we use the ideal gas equation 
after first finding the exit density. 
The mass flow rate is m rae = PeA eV e 


Hence Pe= 0.0548 kg/m" 


From the ideal gas equation p e = PeRT e 


From p, = p * and Eq. 12.22a k+ 1150670 
- | > | (12.22a) 


We can check our results: 
From p q, To, A; and Eq. 13.9a 


٩ (k-1)/2(k—1) 
11 choked = AePo y aei) (13.92) 
0 


Then M choked 7 © 0050 — kg/s 


M choked = M rate Correct! 


The initial acceleration is given by: 


E 


3f. NE p 
f- / á, ے = 0۷ م‎ | Vo. p dY + / Vo. pn» dA (433) 
Jev ` Ot Joy ^ Jos ^ 


a = M rate V + pA, 
E M 


2 
و‎ e 


which simplifies to: p,A — Ma, = MaeV or: 
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Problem 13.30 [3] 


13.30 A cylinder of gas used for welding contains helium at 
20 MPa (gage) and room temperature. The cylinder is knocked 
over, its valve is broken off, and gas escapes through a converging 
passage. The minimum flow diameter is 10 mm at the outlet sec- 
tion where the gas flow is uniform. Find (a) the mass flow rate at 
which gas leaves the cylinder and (b) the instantaneous accelera- 
tion of the cylinder (assume the cylinder axis is horizontal and its 
mass is 65 kg). Show static and stagnation states and the process 
path on a Ts diagram. 


Given: Gas cylinder with broken valve 

Find: Mass flow rate; acceleration of cylinder 

Solution: k 

Basic equations: a =1+ = 1 2 - = ( + = tv) = p= p-R-T cz Vk-R-T Mrate = p-A-V 


= m 0 7 m E > 
Fs + و‎ — f dy pde == f ځا‎ p dV n Viyz PVyz + dA —— (433) 
cv ^ Otjcv ` CS دوو‎ 


Given or available data paty, = 101-kPa po = 20.MPa Tg = (Q0+273)K k=14 R= 2969. 
8 
1 h 1 : _T 2 2 — 
d = 10-mm so the nozzle area is A = ria A¿=78.5mm  Mgy = 65-kg 
: : Pb -3 T m 
The flow will be choked if pp/po < 0.528: Pb = Pam $0 —=5.05x10 (Choked: Critical conditions) 
Po 
To 
The exit temperature is T, = e Te = 244K Te = 29.6 Ce = [k-R-T, 
; : m 
The exit speed is Ve = Ce Ve = 313— 
5 
TN ; Po d exit density i Pe kg 
e exit pressure is Pe = کم ڪڪ‎ Pe = 10.6.MPa and exit density is Pe = T Pe = t= 
== e m 
k-1 
1+ k-1 
2 
kg 
Then Mate = Pe Ap Ve Miate = iiem 
The momentum equation (Eq. 4.33) simplifies to (Pe - Patm) Ae - Mey ay = Ve Mrate 
Pe- P -Aat Vom 
TT a, = Ue Pam Ac? Ve rae jet 
Mcy 2 
5 


The process is isentropic, followed by nonisentropic expansion to atmospheric pressure 
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Problem 13.32 [4] 
13.32 An insulated spherical air tank with diameter D = 2 m is 
used in a blowdown installation. Initially the tank is charged to 
2.75 MPa (abs) at 450 K. The mass flow rate of air from the tank 
is a function of time; during the first 30 s of blowdown 30 kg of 
air leaves the tank. Determine the air temperature in the tank after 
30 s of blowdown. Estimate the nozzle throat area. 
Given: Spherical air tank 
Find: Air temperature after 30s; estimate throat area 
Solution: 
T و و‎ 
0 k-1 
Basic equations: we 1+ A M + = const Al pdVcy -| p-VdAcs = 0 (4.12) 
p ot 
Assumptions: 1) Large tank (stagnation conditions) 2) isentropic 3) uniform flow 
: : T 3 3 
Given or available data Patm = 101-kPa Py = 2.75:MPa T, = 450K D=2m V= ae V = 4.19-m 
J 
AM = 30-kg At = 6 k = 14 R = 286.9. —— 
kg.K 
Pb 
The flow will be choked if py/p¡ < 0.528: Pb = Patm so س‎ = 0.037 (Initially choked: Critical conditions) 
P1 
We need to see if the flow is still choked after 30s 
— : P1 kg 
The initial (State 1) density and mass are Pi ړم سات‎ = 21.3 — Mı -pV M, = 89.2kg 
RT; u 
M2 kg 
The final (State 2) mass and density are then My = M¡- AM My = 59.2 kg P2 = — P2 = 14.1 E 
* m 
k 
f 1 p 2م‎ Pb . 
For an isentropic process — = const so p59-2p|— p» = 1.55. MPa — = 0.0652 (Still choked) 
pe P1 P2 
P2 
The final temperature is T, = — T = 382K Tə = 109-°C 
p2:R 
T i he th BM 
o estimate the throat area we use CAT = ave = Ptave At Vtave or A, = AIDE 
"Ptave' V tave 
where we use average values of density and speed at the throat. 
T4 + T5 
The average stagnation temperature is Toave = E پک‎ Toave = 416K 
P1+P2 
The average stagnation pressure is Poave = : Poave = 2.15 MPa 
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Hence the average temperature and pressure (critical) at the throat are 


d Pave 

Tiave = 347K an Ptave = ڪڪ‎ Ptave = 3 

cud k-1 

1+ 
2 
m Ptave kg 

Viave = SEI. Ptave 7 R.T Pave 114-5 

tave m 
A, = 2.35 x 10 ^m? A¡= 235-mm" 
D, = 0.0173m D, = 17.3-mm 


At Ptave’ V tave 


AM 
At 


Hence 


Finally 


This corresponds to a diameter 


4-A; 
D, = | — 
t T 


The process is isentropic, followed by nonisentropic expansion to atmospheric pressure 


http://librosysolucionarios.net 


Problem 13.33 


13.33 


An ideal gas, with k = 1.25, flows isentropically through 


[4] 
: A2 
pi = 35 3 
pı = 0.1 Ibm/f? * 
V; = 500 ft/s > Va 
Aa pa = 25 psia 
k+1 
3 ki 5 
k-1 14 ——.M 
2 A 1 2 
M ^M k+1 
Acrit M ٢ 
2 
A, = tft p» = 25-psi k = 1.25 
P1 ft 
equation q = k. — cy = 1424— 
01 5 
Po = 37.8psi 
Hence p» > Perit, so NOT choked 
M; = 0.830 
k+1 
TO 9 
crit 2 2 
Ay = A» = 0.573 ft 
M سر‎ 
2 
lbm 
ft 
ft 
Vo = 667— 
5 


the converging nozzle shown and discharges into a large duct 
where the pressure is p2 = 25 psia. The gas is not air and the gas 
constant, R, is unknown. Flow is steady and uniform at all cross- 
sections. Find the exit area of the nozzle, A», and the exit speed, V5. 


Given: Ideal gas flow in a converging nozzle 
Find: Exit area and speed 
Solution: 
To k-1 2 : k-1 
Basic equations: — =1+ -M —=|1+ : 
T p 

Given or available data Pq = 35psi ړم = ړم‎ 22 VQ = 500. E 

ft : 
Check for choking: cy = | k-R-T, or, replacing R using the ideal gas 
Hence M4 = 0.351 
Then 


Perit = 21.0 psi 


Then we have 


rat My:Ay 2 
rom My we find Ag = RE Acrit = 0.557 ft 
و عا‎ 2)? D 
1+ — M 
k+1 

2 1 
k 

; : k P1 

For isentropic flow pp = const SO وم‎ =P — 

P2 
Ay Py 

Finally from continuity p-A-V = const SO Va = Vr 

A2:p2 
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Problem 13.34 


Cryer : Já transport که‎ exo CRUISES aw E ode DSN 
۰ COD rond ONS ore Vee Ds ٩ NILUS 25 ANOS S 
Cases asse "Em 23. Ww Sto RAS وت وه‎ a sma 
ache NEN aE aise Gon ose ¿Az oc® ېې‎ 


ose Dy KS pesca‏ ی No‏ سر ووا To Tes E A Nen Cos‏ کا 
AS iss PUSE OS C UNA of hare : ]‏ 


Den. 
3 2 پل یله‎ 
esc egio : Ss شا څپ‎ il SA =O 
a = coo T= per 
Meesun Jors: A owed Garo es Wa Cop Sos وو‎ O. d des 
WORE s 1 ې‎ ٢ rae 
RY assure NS ess د و نایچ ې‎ WN CoS دود‎ TOR 


S OIA SEEN . 
Mo NS uw جمسمشا‎ : 


i p TEE SR "n Ps B کا‎ Que 
1 Ts bowl = WE VS. 
Dad pressure R= Se oaks WN ha = 77 Rg, 
E s. Re le = OBO ond BE osa ¿Pos کا‎ CEE. 
Wade conditions A Span mere مههه‎ CORONA . 
Tron یشوی‎ ; 
AL pons = A SEES = =~ MM 
< د دو‎ 
Vas Des Goo | هح‎ 


wer داد په دا‎ = SN = ENS Ree SANA ې‎ 

Na ed = QU uh NL PNE‏ > پچ 

eM‏ اد (aes = QT a‏ ده 
Es‏ 


S a 
. E ET پک په‎ Ne هغ‎ — Ro N Me 
l " 
A 9$ = - os (A e Qt | 
Loc en Saroe es Sce eds R and Vo can ما‎ ceSdieó. 
A eM QNO LL " Ros 
l a Lory = : N Y = cone 


1 http Xl rosysolucionar os.net 


— 


eh 


Problem 13.34 [4] Part 2/3 
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47-381 SO SHEETS Une 
2-387 200 SHEETS à SQUARE 


2.342 100 SHEETS د‎ SOA 


A 
| 4 


Maria 


= 
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Equation 1 is plotted using Excel 
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Problem 13.34 
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Mate = PVA 


D = 2.75-cm 


Ae = 5.94 ome 


Ta = 1.94°C 


m 
Ve = 257— 


Problem 13.36 


13.36 A converging-diverging nozzle is attached to a very large 
tank of air in which the pressure is 150 kPa and the temperature is 
35°C. The nozzle exhausts to the atmosphere where the pressure 
is 101 kPa. The exit diameter of the nozzle is 2.75 cm. What is the 
flow rate through the nozzle? Assume the flow is isentropic. 


CD nozzle attached to large tank 


k 
T k-1 
k-1 k-1 
B =1+ M? — = É + v) 
Pp = 150-kPa Tg = (35 + 273). K pe = 101-kPa 
J T 2 
k = 1.4 R = 286.9. —— A, = —D 
kg.K 4 
Me = Me = 0.773 
To 
Te = 275K 


Pe kg 
- = 1.288 
Pe = RT Pe 8 3 
e m 

kg 

Mrate = Pe'Ve'Ae Mate = 9 pm 
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Given: 


Find: Flow rate 


Solution: 


Basic equations: 


Given or available data 


For isentropic flow 


Then 


Also 


Finally 


[2] 


(13.74) 


Problem 13.37 


13.37 At the design condition of the system of Problem 13.36, 
the exit Mach number is M. = 2.0. Find the pressure in the tank 
of Problem 13.36 (keeping the temperature constant) for this con- 
dition. What is the flow rate? What is the throat area? 


Given: Design condition in a converging-diverging nozzle 


Find: Tank pressure; flow rate; throat area 


Solution: 
The given or available data is: R= 53.33 ft.Ibf/Ibm.^R 
= 1.4 
To= 560 #٢ 
a= 1 in’ 
Pp= 14.7 psia 
M.= 2 
Equations and Computations: 
At design condition Pe= Pb 
De- 14.7 psia 


From M , and p ,, and Eq. 13.7a 
(using built-in function Isenp (M ,k) 


(k+1)/2(k-1) 


p - 
From M , and A „ and Eq. 13.7d 
(using built-in function IsenA (M ,k) 
k—1 
A | 1+ > M 
a M| k+l _ 
2 
A*- 0593 in 


22 


From p 9, To, A, and Eq. 13.10a 


FE y N(k+1)/2(k-1) 
Mchoked = ArPo y RT, (4) (13.10a) 
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Problem 13.38 [4] Part 1/2 


| Given: Air escapes ۳ high- pressure bicycle tire Tnrot«gn bale 


having D 70.284 mm, fT blo kPa (gage), and T = 27C, whith 
remains constant. Internal volume of tire کا‎ Y = V. 25x 0 mt, 
and also (4 Constant. 


Find: la) Time needed fre p in diee H dry to Sio kfu (gage). 
(p) Entropy change of ar 10 Are. ducing Thes process, 
(c) Sketch a Ts diagram showing tates and process paths. 
Pict -pmssufe as a function of es. . | 
foluchon: Apply continuity equation, entropie relationships. 


4 


Baste equa. lions € 0 ly edv +f Zu L =(1+ زمر پا‎ : £ (8) 


Check fev choking: Patm_ 101. 4 0,2 < 0.571 so always m 
Pra  Sto+lol 


Thus m SATAY, ASSUME! li) Un iferen lensi ty in ee - پام‎ 
(£) Uniforms Flaw at throat 
(3) Jenn pic process To ٨ 


Then : mana 
0 = Yo té V Ae 
d 
But م 0.134" و > ل *ر‎ 
O ٠. 
4 
$0 d£ _ 065+ V"Ae j 
E vs 
Tak grea.ting, VAC 20534 VE Ag + atau = since T» constant 
P v 2 
a fh itt سو د‎ Mug. 
0.634 VEA Ps 
t 
eer 4 
کس م۷‎ = KRT” = [ss 287 27م 273 د‎ E يا‎ mn P 
TAM yee Coma ee 317 mk 
At ~ fU. I [DODDS ymn? = 5,01 xjo دې‎ 
zo x 4.26xio Mm? g / 30101 23.5 s 
d TR A mp E E 
TS diagram: Q Pa" Poy Posh Process حم‎ 10 tire 
qn Process (isentropic) همهن‎ 
(moving %)\Q-@ (^ 
Oonverging .و‎ 
: A 
In tire, l 
Ag = (lok rs E سب‎ 297 Mm la (S10 F1). د‎ Ib 1 Ifa. i) AA 
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[4] Part 2/2 


Problem 13.38 


Equation 1 is plotted using Excel 
Note that it's easier to compute f from p values! 


CEA | Tire Pressure versus Time t 
0.584 
1.18 600 
590 | 700 - 
230 E | 
570 | 
! 560 | 
550 = 
È 
5.57 330 5 
624| 0 
692 | 8 
761 500 | 
8310 


470 


e تیا‎ 
Di-po 
دیا | اا‎ 
4A 

oo 

So 


400 
16.1 390 
17.8 370 
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Problem 13.39 [2] 


p 


Given: Con verging و ر و یں لے س‎ nozzle Lutfho teht “3-0 And Ae” SD rm? 


Nos 3 te ba itta ta Sicta of est LOAM k Lui T^ P = LL HA (gage) 
and T 750 K, Flaws in 0٥22/٤6 IS 1 


Find: Qh) Pressure in M233 fe xit سح‎ arê. 
&) Mass Flow ratita ٣ 667 
(t) Sketch Ts diagram: [aee Hank, That, Cx ih ana ۰ 


Solution: Assume STAG NANO cond thorns (n ۶ ٨ SENT rOp te Flows 
in noz,51€. 


A. 
ET 


Compt ing eua Rois : 2 - (it te) : 28 = j+ EA C= VERT 


3 
i 


pins Seas . k 
Dr m, 0, “Pa |+ oy] 3 3b. 
Pe = 


eoe 3 : 
Pe = Le = Sxl io"), 125 KPa (abs) or ل۷‎ (gage) 
ioe S6. 


Thuas the rosa le iS Under? Kponeled. for مه اک‎ 120 foco, mM RV Ag. | 


mo. 14 PSO E 
ط. ي‎ ue = 28 ٢ 
METERS + 0,2[35¢ 


E 4 
O, -Juk = 1 oa oe dbf K, d E 


Fe 125 xia A ic4. K 
= سجس‎ á y a "AA wt 2 = i / 3 
fe ER” pit وول ث وه‎ tek ^ 563 Kaien 


Finally, Ya = eC, = 3o, 7# mis = 984 mis 


r a Li 
M « 8۵ے/ ام‎ = 16349 RUDO مېا وه‎ als m 
Qu $ ¿ge mm? UE a CA 
TS cta gea rn: 
¿Po 
T > = constant oO = tar CO (ie ond 
مو‎ "C 
A مب‎ l * = throat co Adihaons 
ده ےا‎ Lstatropre : ] 
€ 7 £x i£ plane Qondrfent 
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Part 1/2 


Problem 13.43 [3] 
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Find ېی‎ f^ &) 
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M 5 GM o, ue m 3 
es Wece = Aa KRY = RS ES یک دو لوا‎ WOE = Mido " 
د دا‎ UMS RT A ee” e^ Ex oma زو‎ 


F S i 
LE Rede Me = one , د‎ & Sew. & = 354 ele 


4 


Problem 13.43 [8] Part 2/2 


The calculations from page 1 are repeated for various T, values and plotted using Excef 


pe (lbm/ft’) 


2001 


[39 | enr | 308 | 31 —] 
| 257 


TO | 65 | 65€ | 3t | 206 | 
[i59 | 6 | $057 | 3u& | 29 —] 
i600 | 7i | 0058 | 35 [20] 


87 


praes شت سه‎ AO MN td a یھ‎ —— 


| Mass Flow rate of a CD Nozzle | 
| versus Stagnation Temperature | 


m ae Ubmís) 


۸ ۸٨٧۲ nea | 


| 500 750 1000 1250 1500 1750 2000 


T CR) 
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c=yk-R-T =pAV 


Mate 


Momentum for pressure p, and velocity V, at exit; Ry is the reaction for 


k = 1.25 R = 300. ——— 
kg.K 
Ag = 491-cm^ 
m 
Ca = 742— 
E S 
Pe kg 
= = 0.170. — 
Pe R-T, Pe 3 
m 


= 3250-K 


Ln 
4 


= 3.12 


and 


Ry = 43.5:kN 


Problem 13.44 


13.44 A small, solid fuel rocket motor is tested on a thrust stand. 
The chamber pressure and temperature are 4 MPa and 3250 K. 
The propulsion nozzle is designed to expand the exhaust gases 
isentropically to a pressure of 75 kPa. The nozzle exit diameter is 
25 cm. Treat the gas as ideal with k = 1.25 and R = 300 M kg + K). 
Determine the mass flow rate of propellant gas and the thrust force 
exerted against the test stand. 


Rocket motor on test stand 


Mass flow rate; thrust force 


To 
equ 
T 


(Patm = Pe) Ae + Ry = Mate’ Ve 


= 101.808 po = 4MPa 


Patm 


so the nozzle exit area is 


Ma = 
Lo 
T. = Te = 1467K 
ا‎ 1 2 
1+—M, 
m 
Ve = Met Ve = 23135 
kg 
Mate = Pe’ Ae’ Ve Mate = 19.3 
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Given: 
Find: 
Solution: 


Basic equations: 


Given or available data 


From the pressures 


The exit temperature is 


The exit speed is 


Then 


The momentum equation (Eq. 4.33) simplifies to 


Hence 


Guen: Flan of niroen E ES = - Aner Nc nene | 
leaves Mo N. Gnas heci aN dalt Aneel on | 
ecco’ Ade l | 

S 
Ve = Hook | | 
To BW We i -Ra | 
| | 
ېو ا‎ 2 llo | 
ARA WIE on 
Find, Force Ceq ured Xe kadaa Ne De ; | 
SALON, | 
"Ses دحت هره‎ Fs ودی په د‎ Crau ١ fer EN Den | 
EN = GEA = con. E * MSS 1 
, i l x, S Q- ^ vy ke 
دد دو ده‎ => VY z" mobs el 
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Problem 13.47 [3] 
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SO SHEETS د‎ SCARE 
!g0 SHEETS 5 SQUARE 
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Problem 13.48 


13.48 A CO), cartridge is used to propel a small rocket cart. 
Compressed gas, stored at 35 MPa and 20°C, is expanded through 
a smoothly contoured converging nozzle with 0.5 mm throat 
diameter. The back pressure is atmospheric. Calculate the pressure 
at the nozzle throat. Evaluate the mass flow rate of carbon dioxide 
through the nozzle. Determine the thrust available to propel the 
cart. How much would the thrust increase if a diverging section 
were added to the nozzle to expand the gas to atmospheric pres- 
sure? What is the exit area? Show stagnation states, static states, 


and the processes on a Ts diagram. 


Given: Compressed CO; in a cartridge expanding through a nozzle 
Find: Throat pressure; Mass flow rate; Thrust; Thrust increase with diverging section; Exit area 
Solution: 
Basic equations: F, = Fs, + Fp, = E upd¥+ / upV + dÁ 
Ot Jcv cs 


Assumptions: 1) Isentropic flow 2) Stagnation in cartridge 3) Ideal gas 4) Uniform flow 


Patm = 101-kPa 
d, = 0.5-mm 
Perit = 19.2 MPa 
p, = 19.2 MPa 
T, = 256K 
V, = 2502 

5 


A, = 1.963 x 10 ^m. 


kg 


m 


kg 


= 0.0194 — 


5 


Mate 
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R= 188.9. 
kg.K 


Tg = (204273) K 


k = 1.29 
Po = 35.MPa 
Po 
Perit = 
k-1 
E + 
2 


Pt = Perit 


Mate = Pr Vr At 


< 
1 
x 
5 

JA 


TC d, 

t 

A, = — 
t 4 
Pt 

Y= = 
R-T, 


Given or available data: 


From isentropic relations 


Since Pp << Perit, then 


Throat is critical so 


Ptgage = Pt~ Patm 


M, = 4.334 
kg 
= 6.79 — 
Pe 3 
m 
Ae = 4.77mm 


For 1D flow with no body force the momentum equation reduces to Rx- Ptgage At = Mrate 


Ry = Mate’ Vt + Ptgage At Ry, = 7 


When a diverging section is added the nozzle can exit to atmospheric pressu pe = Patry 


1 
k1 p’ 
k 
T 2 0 
Hence the Mach number at exit is Me = | — | — -1 
k-1 (Pe 
10 
E T, = 78.7K 
k-1 2 
1+——-Mg 
m 
C, = ۱ c, = 138— 
ey e e z 
m 
Ve = Me'Ce Ve = oo 
The mass flow rate is unchanged (choked flow) 
From the momentum equation Ry = Mrate Ve Ry = 11.67N 
The percentage increase in thrust is peer ee = 35.7% 
8.60-N 
Pe 
The exit area is obtained from Mate = Per Ve Aj and Pe = 
R-T, 
m 
rate - 
A, = Ae = 4.77 x 10 us 
pe Ve 
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Problem 13.49 [3] 


13.49 Consider the converging-diverging option of Problem 
13.48. To what pressure would the compressed gas need to be 
raised (keeping the temperature at 20°C) to develop a thrust of 
15N? (Assume isentropic flow.) 


Given: CO, cartridge and convergent nozzle 


Find: Tank pressure to develop thrust of 15 N 


Solution: 
The given or available data is: R= 1889 J/kg-K 
k= 1.29 
To= 293 K 
0 101 kPa 
D,- 0.5 mm 
Equations and Computations: 
A= 0196 mm 


The momentum equation gives 
R x-m flowV e 
Hence, we need m fow and V, 


For isentropic flow De- Pb 
Pe= 101 kPa 


If we knew p y we could use it and p ی‎ and Eq. 13.7a, to find M ,. 
Once M, is known, the other exit conditions can be found. 
Make a guess for p q, and eventually use Goal Seek (see below). 


From p y and p ی‎ and Eq. 13.7a 
(using built-in function IsenMfromp (M ,k) 
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From M , and Ty and Eq. 13.7b 
(using built-in function IsenT (M ,k) 


To ES b= 1 2 
T^ 1+ > M (13.7b) 
T.= 745 K 

From T , and Eq. 12.18 c= VkRT (12.18) 


m/s‏ 1348 حم 
Then v.= 606 m/s‏ 


The mass flow rate is obtained from p o, To, A,, and Eq. 13.10a 


Fk » (k+1)2(k-1) 
M choked = Ar Rr H J i 
0 
M choked — 0.0248 kg/s 


Finally, the momentum equation gives 


Rx =m flowV e 
= 15.0 N 


We need to set R, to 15 N. To do this use Goal Seek 
to vary p o to obtain the result! 
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Problem 13.50 [2] 


13.50 Room air is drawn into an insulated duct of constant area 
through a smoothly contoured converging nozzle. Room conditions 
are T = 80°F and p = 14.7 psia. The duct diameter is D = 1 in. The 
pressure at the duct inlet (nozzle outlet) is p, = 13 psia. Find (a) the 
mass flow rate in the duct and (b) the range of exit pressures for O 9 
which the duct exit flow is choked. 


Given: Air flow in an insulated duct 
Find: Mass flow rate; Range of choked exit pressures 
Solution: k+1 
k-1 2 E: 
T 1+ ——M 
; A 0 k-1,2 A 1 2 
Basic equations: —=1+ -M c=ykRT =—: 
1 Agi; M ٢ ! 
2 
Given or available data Tg = (80 + 460)-R pg = 14.7-psi Py = 13-psi D = Lin 
ft-Ibf nD 2 
k = 14 Rair = 53.33.——— A = س‎ A = 0.785-in 
Ibm-R 4 
Assuming isentropic flow, stagnation conditions are constant. Hence 
To 
M, = 0.423 Ti T4 = SLR Ty = 61.7-°F 
-1 2 
1+——-M, 
m m 
۹ - k Rai T4 C1 = 341 — V4 = M4:c V4 = 144— 
5 5 
P1 lb 
Also 017 ړم‎ = 0.0673. 22 
Rair T1 ft 
lb 
Hence Mrate = ۷۸م‎ Mrate = 0.174-22 
5 
l To 
When flow is choked My = 1 T = a Ty = 450-R T5 = -9.7-?F 
1+ 
2 
We also have cy = [k RAT c - 1040.1 Vo دي‎ V - 1040. £ 
2-4*^air^2 2 s 2 2 2 8 
۷ 
PRA 1 Ib 
From continuity p1: V1 = Po Vo 05 = Py P2 = 0.0306. 
V2 f 
Hence Po = Po Rai T2 p» = 95.11 -psi 


The flow will therefore choke for any back pressure (pressure at the exit) less than or equal to this pressure 


Py 


(From Fanno line function an 
Perit 77 


= 2.545 at My, = 0.423 so Perit = 5.118 Check!) 


Perit 
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Problem 13.51 


13.51 Air from a large reservoir at 25 psia and 25077 flows isen- 
tropically through a converging nozzle into an insulated pipe at 24 
psia. The pipe flow experiences friction effects. Obtain a plot of the 
Ts diagram for this flow, until M = 1. Also plot the pressure and 
speed distributions from the entrance to the location at which M = 1. 


Given: Air flow from converging nozzle into pipe 


Find: Plot Ts diagram and pressure and speed curves 


Solution: 
The given or available data is: R= 53.33 7 
k= 1.4 
cp= 02399  Btwlbm^R 
187 ft-Ibf/Ibm-^R 
To= 710 "R 
Poz 25 psi 
Pe= 24 psi 
Equations and Computations: 
From p y and p,, and Eq. 13.7a 
(using built-in function IsenMfromp (M ,k )) M,- 0.242 
Using built-in function IsenT (Mk) T.= 702 °R 
Using p ,, M ,, and function Fannop (M ,k) p*- 5.34 psi 
Using T „ M e and function FannoT (M ,k) T* = 592 °R 


We can now use Fanno-line relations to compute values for a range of Mach numbers: 


í gii ii xd 


oz | 1186 | 7 | 1299 | 3; | ۴ه‎ | 240 | 099 | 


4.35 23.2 1.57 


Ts Curve (Fanno) 


20 30 40 
s (ftlbfllbm?R) 


1.185 701 1298 325 


1.184 

1.183 

1.181 

1.180 720 
1.179 

1.177 700 4 
1.176 

1.174 680 
1.173 660 
1471 T (°R) 

1.170 640 
1.168 

1.166 620 
1.165 600 
1.163 

1.161 580 
1.159 0 10 
1.157 

1.155 

1.153 
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01 


30.31 


12.2 


6 2.28 


Velocity V Versus M (Fanno) 


1279 


0.2 O. 


680 


V (ftis) 


43.15 


8.1 


5 
861 1.52 


Pressure p Versus M (Fanno) 


0.8 


47.84 
47.94 
48.02 
48.09 
48.15 
48.20 
48.24 
48.27 
48.30 
48.31 
48.31 


0.7 


5.9 
5.8 
5.7 
5.7 
5.6 
5.5 
5.5 
5.4 


5.3 


04 05 


1248 
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65 
648 


30 


al 


2 


o 


2 


p (psi) 15 


o 


1 


ol 


o 


1.147 
1.145 
1.143 
1.141 
1.138 
1.136 
1.134 
1.132 
1.129 
1.127 
1.124 
1.122 
1.119 
1.117 
1.114 
1.112 
1.109 
1.107 
1.104 
1.101 


1.093 
1.090 
1.087 
1.084 
1.082 
1.079 
1.076 
1.073 
1.070 
1.067 
1.064 
1.061 
1.058 
1.055 
1.052 
1.048 
1.045 
1.042 
1.039 
1.036 


0.46 
0.47 
0.48 
0.49 
0.5 
0.51 
0.52 
0.53 
0.54 
0.55 
0.56 
0.57 
0.58 
0.59 


0.61 
0.62 
0.63 
0.64 
0.65 


0.67 
0.68 


0.7 
0.71 
0.72 
0.73 
0.74 
0.75 
0.76 
0.77 
0.78 
0.79 


0.81 
0.82 
0.83 
0.84 
0.85 
0.86 
0.87 
0.88 
0.89 


0.91 
0.92 
0.93 
0.94 
0.95 


0.97 
0.98 


[4] 
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53.33 ft-Ibf/Ibm-^R 


0.2299  Btu/lIbm-^R 
187 ft-Ibf//Ibm-^R 


710 °R 
25 psi 
2.5 psi 

2.16 

368 °R 

6.84 psi 
592 °R 


Problem 13.52 


13.52 Repeat Problem 13.51 except the nozzle is now a conver- 


ging-diverging nozzle delivering the air to the pipe at 2.5 psia. 


Given: Air flow from converging-diverging nozzle into pipe 


Find: Plot Ts diagram and pressure and speed curves 
Solution: 


The given or available data is: 


Equations and Computations: 
From p y and p e and Eq. 13.7a 
(using built-in function IsenMfromp (M ,k)) 
Using built-in function IsenT (M ,k) 


Using p e M ,, and function Fannop (M ,k) 


Using T ,, M e and function FannoT (M ,k) 


We can now use Fanno-line relations to compute values for a range of Mach numbers: 


[157 | 062 | —38 | 940 — 205 | 087 | 25 | 000 | 
: 2.8 : 


Ts Curve (Fanno) 


15 20 25 
s (ft'lbf/lbm°R) 


9 
[-379-] 
7 


0.728 


1.79 


1.0 


1.0 


22.14 


1.2 


N 


EE H 


28.76 
29.03 


0.54 3.7 


1721 


Velocity V Versus M (Fanno) 


D 


1.6 1. 
M 


4.5 
4.5 


0.65 
0.66 


1.8 


1566 
1558 


Pressure p Versus M (Fanno) 


33.50 
33.65 
33.79 
33.93 
34.05 
34.18 
34.29 
34.40 
34.50 
34.59 
34.68 
34.76 
34.83 
34.89 
34.95 
34.99 
35.03 
35.06 
35.08 
35.10 
35.10 


Pp 
T 


M 


1056 


1103 
1105 


506 


p (psi) 


179 | 1261 
ni | 251 
183 | 1242 
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[ 65 | 
88 | 6o | 
| 66 
[ 68 | 
[ 68 | 


1212 | 19 
. 099 | 1203 | وو 
119 | 193 


0.814 
0.817 
0.821 
0.824 
0.828 
0.831 
0.834 
0.838 
0.841 
0.845 
0.848 
0.852 


0.862 
0.866 
0.869 
0.872 
0.876 
0.879 
0.883 
0.886 
0.890 
0.893 
0.897 
0.900 
0.904 
0.907 
0.911 
0.914 
0.918 
0.921 
0.925 
0.928 
0.932 


1.69 
1.68 
1.67 
1.66 
1.65 
1.64 
1.63 
1.62 
1.61 
1.6 
1.59 
1.58 
1.57 
1.56 
1.55 
1.54 
1.53 
1.52 
1.51 
1.5 
1.49 
1.48 
1.47 
1.46 
1.45 
1.44 
1.43 
1.42 
1.41 


1.39 
1.38 
1.37 
1.36 
1.35 
1.34 
1.33 
1.32 
1.31 


1.29 
1.28 
1.27 
1.26 
1.25 
1.24 
1.23 
1.22 
1.21 
1.2 
1.19 
1.18 
1.17 
1.16 
1.15 
1.14 
1.13 
1.12 
1.11 
1.09 
1.08 
1.07 
1.06 
1.05 
1.04 
1.03 
1.02 
1.01 
1 


i : TA S 
— [99] AR 


Problem 13.53 [2] 


Given: Faune hae tious کا ههوت‎ jA ۳ه هطه!‎ Smeafh brass Tube 
Ted by converging 10331. 
D=7.16 rn 
T= 73°C 
0 
Praromeder ۴ 5۰۱ mm Hg - - —  VacutAn? 
Find: (a) Mi hy = = و2‎ mm Hg M0. 
(b) Mass Fiow rate in tube | 
le) Pr i 


Solution: Apply (qua bons Por Sttacty, 17D Compressible flous: | 


Computing éguatens: Ty = TU e * mt) {Entre flow adiabatic} 
PE k E . 
Po” P Cit E me) Fı { موم( می(‎ 10 3 ] 


ÁAsóbiorna: (1) Sstagnahor Co rid TT T laboro toriy 


= (it ته‎ TEIS a Aa MN 
CES. i - 20.8) mm He, 


k-i 0.086 E DS 
r2 388,1 
dix -iÉ e) dE E ES 1 TE Ht 


From و‎ niu m ZONA; ; ^ > P: | 


Then 
e = کا ل‎ 


6, = TE h = (3.5) 1000 a, 28.2. 0,734 ms = Fi KPa labs) | 


oux 
xc LE (228 2x) 
د ے لست ر‎ 94 K iL C9 4k kT, = 399 p 
| دق ص000 هق و ار و وسو‎ ix 


Ed K " |‏ غو را 
د m^ 20 cn PR xp‏ ۳ 


V, = Mic, = 0.200, 344 mS = 42.8 mis 


2 TF 2 
A, = ze s 7. (o. ante) وړ‎ PT 


ms bbs e es. om x 4,03x/07 90 ول 3.9 ے‎ kg [s m 


g , , چ‎ 
Since h = Constant, = EZ Paw 297 K; 


j CQ S40 mj&l Y +A BIB rus 


A fos Const 
دا‎ " e a Oi SPL Kg | m2 2 


l TIA Tz 
IA QART R 


Fanno line 


& =P, - (LIS 


[A 


fic OEE ee ZEIK 2 49,9 kPa (aus) 


| Pa 
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[3] 


Problem 13.54 


13.54 Air flows steadily and adiabatically from a large tank 
through a converging nozzle connected to an insulated constant- 
area duct. The nozzle may be considered frictionless. Air in the 
tank is at p — 145 psia and T = 250°F. The absolute pressure at 
the nozzle exit (duct inlet) is 125 psia. Determine the pressure at 
the end of the duct, if the temperature there is 150°F. Find the en- 
tropy increase. 


Given: Air flow in a converging nozzle and insulated duct 
Find: Pressure at end of duct; Entropy increase 
Solution: k 
T kl T 
0 k-1 Po k-1 2 P2 
Basic equations: —=1+ M —=|1+ M As = cyln| — | - Rair سوا‎ c=yk-R-T 
Given or available data Tg = (250+ 460)-R Pp = 145-psi Py = 125-psi T5 = (150 + 460)-R 
Bt ft-1bf 
k = 14 cy = 02399. — Ray ووس‎ — 
P lbm lbm-R 


T¡ = 681۸ T} = 221-°F 


M, = 0.905 
ft 
5 
ft 
5 
۷ 
1 lbm 
05 = P — P2 = 0289 
Vo ft 
T 
2 P2 B 
As = c In| — - Ry; ln — As = 0.0231- 0 
Ty 
Terit 1.150 Terit = 329K 
P1 . 
Perit 2.3060 Perit = 542 psi 


Pp = 1.119-Porit Py = 60.7-psi Check!) 


Assuming isentropic flow in the nozzle 


In the duct To (a measure of total energy) is constant, so M) = 


; ft 
At each location q = k-Rair T1 cy = 1279.— 
5 
ft 
C2 = K‘Rajy T5 و‎ = 111 
P1 lb 
Also py = p4 = 0.4960.—— 
Rair T1 f? 
Hence Mate = p, VpA - p ٨۵ so 
Then ګرم = رم‎ To Pp = 60.8-psi Finally 
Ty 
(Note: Using Fanno line relations, at M] = 0.465 = 1.150 
Terit 
P1 
—— = 2.306 
Perit 
T) P2 
Then = 1.031 SO M, = 0.907 — = 1.119 
Terit Perit 


http://librosysolucionarios.net 


| 13.55 وف | 


Gien : دون‎ Bas of as Sosa Qm ع کی‎ ee 


ou بت ده‎ | | w= Voexo شه سه‎ 
O © 


| 
Y= oo " | YA), Ya No | 
| 


Find: زی‎ Rua NS Va : S eee 
Sadan. 


Basie eq palians y کی‎ eol SENA 


| Conga epe ume: Tehes va EÊ xme 
| نند اهتنا‎ ۴ TON D amores Kow ناه‎ > sian | 
| dy asar Mors Ay dao acs | 
| 


| R, E Ane N MA کي‎ S 
(O7 WCG MORIA wee RF " o.oo n la 


LA 
m= رر ` هحم‎ KY la i m 


I A ! - 
v ta ( E A AN pl w 
ېلا‎ ER, = =? oo Rk "نې ېا‎ Saab " eos RA ls 


3 : a $us NI 
Ne E EE CON = (asa E, EN na > 1 = امه‎ x 
ME - REM = COR | 
Cm NAK ` <= : l | 


Shee ALAU , Re TAURI oa and maw. elon x OCCT lor au MO | 


trol °‏ يغ 


Tel ته‎ n — gc ٥ ٥ 
x : "Ss > Az A 

| و‎ SBA = agio lade SCR 
| i A ¿ME NON Ae da ] 
| د« لا‎ Wc = a, (REE) = O x53 Yir * سه‎ * : MEO) د٥‎ al, à ENS 
| | 

| l Ny RA ما‎ | 

| = = t = x = tM S — UR ۰ à l 
| v = سا‎ * E دو‎ * ge al ۰ | : 
| 


Fane “lane Flas Fundiors | 
Fron reparados, E WR Noto, 
TH = Un aM رما‎ = waste 
SES لگ وب و فاعم‎ 
"الا‎ = Ota (mate) naQ oso Gs 
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| Given: Compressible ss Lo UN lo Aus. (4 Ao AN da) A r 
| Dieses GS vos pese, ېسه‎ l SIA 
Ns NET . Ms GoM عک۷دي؟)‎ MS sowed Qressuse. 


da S eden هله‎ Nos. anogs GWA Bee GA nde Gasp) 


| 
| 
| 
i 
! 
| 
i 
i 
j 


|o Vea Suus dE اه‎ ED لا لل‎ 


SL. eR, 


Dos EC d ws m na R= QU As = An - y ې ده‎ | 
` i y Ne Ra چا‎ ER Ma | 
Congr eq dens: = = NS OS *-0 | 


) Veto e ons © GY Ready Kow Q dea as 
| A aadA Sos Noo. Noe. | 
UY می کی‎ Kow eX, o. Aon | 


= | 
vi | ht 
M Seca Qressuse. EINES Aces AGL do es Ry oes lodo ea 
Pes au Rady = شه‎ Dy SS +A M SAN «oM ایب وه‎ 
S^ 
~~ Ne 5 (ESN s SA N 
9 GRADA کو‎ 7 A ER | 
e * VANS S Aa v. 3 2 
^ WC کي‎ E A Me: | 
ابا‎ . q | 
Ne = EEN = ¡CEM E TAM «x = = YA ^ | 
| : | 
| 5e Seve ous Ve , پر‎ ¿K حم .ه = لحم ه)‎ kal, ^ | 
Ni e 5 چا‎ we 
یبا‎ AAR ERES | 
| دو‎ WORTEN C لل‎ ل٢‎ = ms keds ال‎ 
| l | 
AR ; چه‎ Pp 
| Tess SM? = CT E 5o der te چک ھل‎ 
X 
T 33$ | 
Se 72,5 - WV = مت‎ = | 
| ena A S | = MS Mx اک‎ 
| | 
سیک‎ 
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Problem 13.57 


13.57 A converging-diverging nozzle discharges air into an in- 
sulated pipe with area A = | in”. At the pipe inlet, 
p = 18.5 psia, T = 100°F, and M = 2.0. For shockless flow to a 
Mach number of unity at the pipe exit, calculate the exit tempera- 


ture, the net force of the fluid on the pipe, and the entropy change. © @ 
Given: Air flow in a CD nozzle and insulated duct 
Find: Temperature at end of duct; Force on duct; Entropy increase 
Solution: 
T T 
0 k - 1 P2 
Basic equations: Fg =P y¡A-p>A+R,= Mate (V2 - V1) — =1+ M As = cpn س‎ |- Rair — 
i 1 P1 
Given or available data T4 = (100 +460)-R Py = 18.5-psi M, =2 My = 1 A = lin 
Bt -lbf 
k = 14 c = 0.2399. — a 
P Ibm: Ibm-R 
Assuming isentropic flow in the nozzle 
k-1,,2 k-1,,2 
mr ‘tM سه دې‎ 
اسا‎ = ———————— 0 Ty = Ty T5 = 840-R T = 380-°F 
T, To ) 1 2 ) 1 2 
1+ — — M5 1-——— M, 
2 2 
Al ft ft 
P1 Ibm ۷ Ibm 
Rair 11 ft V2 ft 
lbm ; 
Mrate = pp VA Mate = کح داي‎ P2 = Pz'Rair T2 P2 = 45.3-psi 
Hence Ry = (P2 = p7):A + Mrate"(V2 = Vi) Ry = -13.3-Ibf (Force is to the right) 
T 
2 P2 Bt 
Finally As = امار‎ — | - Rair سوا‎ As = 0.0359. 
Tio T Ti 
(Note: Using Fanno line relations, at M4 = 2 = — = 0.6667 2 =——= Tə = 840-R 
Torit T2 0.667 
Ep P1 P1 
= — = 0.4083 py = P2 = 45.3-psi Check!) 
Perit P2 0.4083 
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| | Recien وا‎ se | ٣-٣٣ ه٣‎ ! 


Gwen : ual A LO OHA LON Lea AS AS auos هيما‎ O. caster * | 
mo له‎ LO Nn dander | Medea یت امو‎ | 


e | 
nate ame SS CER 0 = AN IN ده‎ | 
Lad = La TT II Y QUPD SEREN س سم‎ d ا‎ acd woe t تس‎ 


les E سے س سي‎ 
eX. KE s es DE 


Randi کټ لها‎ S» x> a Lor none C عاچه ماي‎ NS 
(c v ond A  adromixe × cel aw 


Fee | 
Y a R= OON S^ m aum 
Vere es uam M ds sy 
CONROY eer = = \ = | 


dirias. E) da eds 
i زڅا‎ EEN Sas که‎ ~ LA soe 
S vas eg c das یې‎ ne, adams مه‎ OE . 


| Sees. همی کا وف غ مها‎ ; eum NN e ani Re,» Be | 
Bt dates Nex AR : men DM ac | 
| LON QS VRS AS Saario AS = ANIM SAX += { AW sb ASN 


N 


As NEU uen = osse eN ES یه‎ wv - e. ^S 


a E SA ae Se ey A NE E نا‎ ٧۲ دوه‎ : 
~ حئ‎ p ANA EN SAT, X loto = OMS, دد ایا‎ 
| es For a E , دد = نا‎ Ns = 26 SO = 3. S e QNA | EM 
| SS 1 نو‎ A E as e SBA Ras) Rac 
| O Nex Forno د‎ Sas XS. jn = Dee = UNA | e 


ax * DLE NEE E SS ze uS ES * دوه‎ mee DON 


جس 
poi‏ 


Fron NUM Re REN Zt $e E = ANA, = ماما ههه‎ 


ie gets هېه‎ EV T BAK = > 


* 


Xo £ 


E CE S NP RE 
۶ Janne - ېا‎ Flow ۸ بب د‎ ee = 


For وی‎ NE اوک‎ Ma wxs Rk a, 23% 
T M CETT 
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Problem 9 [4] 


¡Pos 


Given: Air fleto through 3033 je then duct, Tom tank CF ^re ا‎ ۴7 
Variable Orê ري مه یک‎ Thé deck PE ts 72 Athmospnere. 


Wher fasi; pave? 
D = 9.244 in, 
p = 523.2 psa. په کم 7 ,14 = رط‎ 
E ! 
ma: la) Tan te Presset, Po, H^, 70.230 MH] = Lo 


(b) Tz, P , and rn 
(C) thow on a. 75 diagram the. effect of Pau ag 70 y 100 tio. 
(d) Plot Pressure distribution vs. distance. 


Solution: ASSL Condirhons i Tank مه‎ stagnahon properties, flow | 


IS صهملو هئ‎ 1A nogzHt, "Zu Ao tow n duct, 

Basie tocahens: Tas TOF M) =Cori£t (energy) 
VP ee 

Pp (i+ Equ GAD pia) 


Assume Steady, i-D Compressible Thou j Lo rf 
Constant stagnate tenpera tare, Ty = i$ € (Sq T7] 


To = (40-59) = 59% 


k : 3. 
سه‎ din P E 7 53.1 )هدم‎ 140.2 (say) E 56 


At €xit plane, My = | 

Ta = Ta = 5A R = 2 

mz {J+ s I+ 5.20 433 ٨ 8 Ta 

& = " 

Por “Pali T ېم‎ t = 14.7 psia (io py z 27.6 هکم‎ fy; 

At exit plant, V= Va CF = [RTE = 1020 A/S 
Pa سي‎ lor- Ê 
= با ر بر — = سد‎ 
Pr RÌ. ni Ba, ye be p gi = 0.0817 ibm [A3 
m = £,V.A = 00917 bm | foto f OBRA = 0.031 lon [5 m 


x=. 
= 


43^ ECR re 


When fa. iS INCOSE d, DENSI ty And mass tow rate ¡nerease. Floto cui (E Shi 


to A ate Panda line GS Shown dashed 1 ne Ts diagram AEO, 


Ts fixed, So T* Mmams fixed. + 


Since f and m inerease , : 
D Pa ~ Pater, The plot of biis 
D VS. x ^ AS Shown, 
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| Redden ND, Men | 


| Gwent Barcabalic lou of aw ma o dan aren duoc. ټل لت‎ 


is 
; : | 
Re e مېا‎ t 
z Weare | Es | Arto ٢ 


Find: ٢کصم‎ farce exeñed اح‎ ua پا‎ ue (e | 


| Se en: | 
Basse eq pralions : Fg PARA -Eg = WALA iy 1 = = | 
Sergi مه‎ i ده‎ uty wt Pele = mo E Ne Wi ۵ | 
| Assura uu ته‎ Neod Las SN Fy NLIS | 
| i 
| (XY هغه‎ c Has ur = cen WS) idod aoe | 
| (y amem fow À a sion | 
Ba a Ye 100 
Ro | * t ٢ وېي‎ TO a 109 pao 2 ý | 
| v NN داو € د‎ Cu په‎ ey 1۷ "مهه‎ = NAM pisa | 
2 : E ' 9, | 
Ma i Ya | ye ها‎ à EN Y» دد دا‎ s MSS | 
| 1 Ww Yow SR \ WA y FN ow شم ام‎ 


BT ېچ‎ * MN ماک دک "خی‎ MBR * ES په‎ 5 ۳ 
۱ E : o سا‎ * x ٢. 
N y = WC, = د‎ (Lev) E = O سا‎ + AS» == * ASSR + ¬ E i A 5 - él 


Ras 0 Ta Sook 


= لام‎ He Orne =; * SS E m\o د‎ aa, don ls | 
Va, = do, | 


sy ا‎ o 
NMa ا‎ TES "Goo? "SR 


4 ` : ۸ Q xl | 
Nae Wate * د‎ rr, y > = vol. 533 ASE BER y : x i = voco M, | 


` ) 


| n ET Wee 
OS ړن‎ OA Ne پلا‎ AS = شا‎ * ONS Sela? a OMA دې اسما‎ 


AN go‏ سیا > لو 
٣ = ODS CEP $3.2 E „ AR: "e 2 E‏ = | 
v a a> * Gr CR m “ea pao‏ 2 


P Me nared uss Tel [e E, 


s (PP YA ICO 


| = (av = Ab < SES داد‎ Ne ISE & Sua کو چا‎ | 
| زي‎ * SU e^ Suas 


MEET 
| Fe © We Core on We cora solume Cran Be surroundunas Derim 
gs We lora con Be Guid fron Me Pres Fa opposes Ke SIN | 


Nae cere 


" Tanso -Une Tia Fundi Sons 
Toon cuba بي کې دي‎ 
مه کا دع شم‎ 
SSA (amy. ces S17 مو دغه‎ 
میک‎ E "2 خپ )چم‎ UN = Ns (ooo ee 


n x 
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Problem 13.61 4 
Coreen : ۴ه ېرد‎ ia Hrab) ww rh Cp لد‎ ٩۹٣ ک/‎ shewn, (no Shocks. 
)دم( کر وص لوک واک‎ lo=298k 


Pind: (a) 72 (bf شه يځ (څ),‎ 


7 Es g 
(d) Ts dag ran Fo د‎ 


soltar Cp ړ#لک)ء د‎ Steely, iD Comp. flow Jdé ad ag = 


Tdo =dh-vdp 0۷4 * Constant 


Assiun phons : (n LAS FYB DIC Flaca ” OZ Ele 
(2) Tastelated, So Ta = Constans 


T 


i) eas K 


Then la a 27 s£38 ٢ T. 
Y 2 [v et وا‎ QE) ja 
rn Co o Y1 ac ife , Fi V. "AMV. , یک‎ A, T Ar. But V= Met MART and 
f= Pler, ټک‎ 
P a es 2 Pa | M, HE 
EEC = E aek to Be Ou ou oy اف‎ Mp 
ae er. E ge Qt 
Frona dSErYfvopic COL lo th ord, 
da O ls TE e peat f» 101 ۴۵ 
t bop ie! PAS [Hh Ej E < pre (Cit رس دوو‎ (LER 0 
دا‎ Ps + LL (hel ko. = 26. KPa fobs) | Ps. 


Iud EYE / 


ا 


T E o = comtan t 


Tsentropic 
in M33 


Fer Mi ,اه‎ EA, 12. Bo gives Pye 2 9.380 , $a Pu 264 FE. (2.65) 
Ma و‎ htt?/Jiproeyséfücionarios.net 


Computing tquethon:: To = T (it ms) p, =p CI Being?) de La CORLIA)‏ أ 


A Fac nas lint F fau) Fine Pos ( Apped (x Et) 


Problem 13.62 2 


Geen Fanne line “Kao RPPATALS مه دې‎ x . Sven 
ross Nox ted نا‎ SENSN A ice 


= e 5 ast , 
A NS EE i E ! = 
a Neo خښ‎ MÀ A OCA 
Sg 07 7.9 
رو‎ 
سواوا -= د‎ A= = 
Pad . که‎ x^ i ANS SHa (CN US g RS $ | 


SONA en. T Ce pre ba Cons Losa مهد‎ No Spe VASE. 


Wesce pcne ON rad Sas D ta-c 
CEN EE. Ñan Ws now NN Eo gos , که‎ 


ES aAA "ow ALE DY AR Soo al 


daa Ke زيا‎ = o شا‎ Som 
pl = P ت‎ RA SN i Ako N Nen duc 
z Pin RA Ban Mec e So es 


Fron Wee EN Wa, SSS = WFO ASD : 


————À 


۹ t3 
کو د پد‎ = ABN RC کا د‎ ¿O e aa RR dR | 
چیه ليو‎ | i 
Sven Bee ca a, Ses o ASIS AT ZAK 
Peon “Woe pe ee & ase NN UR Sa Ae 
Rie = ٩۹ A " CN = NIME , Um x ENR 
La 
NM. > = Veo on Sar دمه ۍ‎ Br Aka ON =< a= CNMK ی‎ S LO x 
l AD 
€» CRN | Ree لا‎ | 
à : 2 
" bs 01 پو‎ SE کا‎ af E a 
A E RR == “ANA eo ea AR 
SE ALEA ANSSN + = ON ak « 24 Wa E ‘ety وځ‎ LONG 
QU 
پل په د‎ 
Tron Toe Bac پو‎ ava. p^ NAAA SMOD NS Ned E d و‎ 
په‎ ۷ 3 u - 
[SQ NS. ene کے مدا کې‎ Nat ¿ ۷ 
E F دی‎ 5 Ng Gane n Sa. od Y Td 
ur = 
Re > 2.0. V R= 
MEN P TON exte ss qe Q DBAS 
: : -3 
Vas PVA Re DAAA Nonan تت د‎ qu دس شا‎ 
£ DEAS اا‎ | 
په‎ mem ¢ ٩ 
Neu "Trad TR p: IDrO y Oluc FIOS. 1 


Problem 13.63 [2] 


13.63 For the conditions of Problem 13.54, find the length, مل‎ of 


: : p^: : : 1 "GN 
commercial steel pipe of 2 in. diameter between sections (1) and (2). 


O 0 
Given: Air flow in a converging nozzle and insulated duct 
Find: Length of pipe 
Solution: 
Basic equations: Fanno-line flow equations, and friction factor 
Given or available data Tg = (250 + 460)-R Pp = 145-psi Py = 125-psi T5 = (150 + 460)-R 
Bt ft-1bf 
D = 2:in k = 14 c, = 0.2399. — Rair = 5333——— 
à P Ibm-R Ibm-R 
k1 T7 
k 
2 0 
From isentropic relations i= کا ا‎ -1 My = 0.465 
k-1 P1 
T T 
0 k-1 0 
سه وه‎ o T,=681R Ty = 221-°F 
Ti 2 k-1 2 
1+——-M, 
2 
all 1- M4? (k^ 1).M 
Then for Fanno-line flow EA = > an لت‎ = 3 
D -1 
h k M4 ac + w^ 
1 
k+1 2 k+1 
P1 P1 1 2 Tq 2 Ti 
=== | 0 = ———— = 1,150 Torit —— 
Py . " 
Perit = 2.3044 Perit = 54.2-psi Torit = 592:R Torit = 1322F 
k+1 
1 T2 2 
Also, for = 1.031 = —— leads to M, = My = 0.906 
crit Terit 1+ k 1 M? 
E of [oM (k + 1-M5? 
: = k+1 
Then — = — = -In —— = 0.01271 
h k-M) í 2. ie 
2 
P1 Ibm ft 
air +1 ft 5 
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Re, = 
1 
1 


Re; = 3.41 x 10° 


For air at T4 = 221°F, from Table A.9 (approximately) p = 4.48 x 10 


For commercial steel pipe (Table 8.1) e = 0.00015-ft Ê 29x10 and 
D 


Hence at this Reynolds number and roughness (Eq. 8.37) f = 0.01924 
E ft 
" D | faveEmax2  faveEmax1 12 
Combining results Ly = —|————-———|- -(1.3923 — 0.01271) 
f Dh Dh .01924 


These calculations are a LOT easier using the Excel Add-ins! 
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¡RR Problem 13.65 [3] Part 1/2 


| A Sao el ar va conias area dei us S NER 
1 

Ras Sook i که‎ usos بعک‎ | 
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= AÑ i | 
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| eso WR ههه‎ DOWN Seed Kow یي کا‎ QU eS e sa S Ao 
| «Sy "T AS VL Las DM B. = cee WS همه‎ eos | 


| For ٢ EIS | es Nes tds, EA : e. = Coa COS A > ASSR 


77 
3 
d 


€ d: 
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Z^ | EI le s aAa Ga ÓN SQ من‎ NR ٣ 
à | Vor چا‎ somo. C rov. Sega das. RES Se = NX (a jc DS Sb Spano 
| 5 سنا‎ BEN = ozot (un 
For xA, OEC 2 TM Ps O ee E د‎ C» اح‎ | 
| " کچ‎ Ce x. ENS 
| ae ^ ye A ae د ې‎ xNs os 2 d 
| : E 
A ES ES = aos & n D7 OOM | 
= TÉ. ARA SE Sor CS " A. ۸1 ٢ ES N j 
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m Y. | 
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" 
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A | 
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[3] Part 2/2 


| 
| 
| 


Problem 13.65 
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' code رود ري‎ Rig aA Va. په‎ 
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72.1 
679 


S 
© 
o 
E E e سر‎ 


http://librosysolucionarios.net 


1.4035 
1,4054 
1.3261 
1.2542 
1.1889 
1.1291 
1.0743 


g 


x(ft) PIF Pípsia) mm 


0 
6.1 
195 
13.8 
16.0 
175 
18.4 
18.8 


۳۹ suloled cenian- هه غه‎ woe | A 


| “Prater Vade. 


cana Liens غه‎ QE ^ "orga pm وي‎ 8.-4 
pee ———— 5 


T HAM SSA | Ao 
Ras ¡ARANA 294 Was) ud 
Ms OMA a E me "SENA; 


d 


ws Re en Re cand Nos مه‎ A= vo 


e 


Gwen, We dios o snoolh | 


دنه 
Fasso S d Ne «s -SÀ leg | lor OM tuto.‏ لو Wel‏ 


ein Las adi. No س لفقت یا‎ We Sce Ae 


Tass کل‎ ard = 


So-So = Cp le‏ = وه 


¥ 
$-9. 


TIT) 
0.993 
0.982 
0,969 
0.952 
0.983 
0.911 
0.887 
0.861 
0.833 


C. 


M 
0.19 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
موم‎ 
1.00 


Basc e ONS, Vase چم‎ var Ra EY 
0 
که په‎ dse ې‎ Š- 
۸ 
° aR Ne 
> ~& Ww > = eS VUE, NET: = ina > 
eC es) ا‎ 1 ۹ Ay bom ON ۷ 
NAE: Ww 
7 AS SUF RE 
ver o gyen Soluna he Mou چا‎ a \S د اه‎ fron NN CERN 
. M "مسق‎ sou 2e. e) 
PyP,"  (s-s'yc, 
3.112 -0.325 Fanno Line Flow of Air 
2035 0.203 1.000 
1500 013 
1340  -0084 
1.188 -0.049 | 
1094 -0.026 
1.038 0011 0.950 
1.000  .0003 
1000 0000 TT, | 
0.900 
Note: plot is dimensionless and 
hence is independent of inlet 
conditions since T, = constant 
0.850 | 
0.800 
-0.350 -0.300 -0.250 -0.200 -0.150 -0.100 -0.050 0.000 
)5-5(/ م6‎ 
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Problem 7 
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ies Example 13.7 
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ES "X co MA uaa, = 


٢ 


Example 13.7 «3, ess یک‎ 


qe S: ^ » D 
NEON Te tanh NS agg ke | Bas tol SENS | f= oori 


N 


M — (MD) ALD) xD TFT TIK) وشام ۳م‎ 
019 16.38 0 0 1191 294 5745 98 
030 530 1108 46 1179 291 3619 6 
040 231 1407 596 1163 287 2606 46 
050 107 1531 64 1143 282 2138 37 


0.70 0.21 1817 685 1093 270 14% 26 
5.80 0.07 1630 8691 1064 263 1.289 22 
0.90 0.01 1636 6G 10%3 25 1.129 19 
1.00 0.00 16.38 694 1000 247 1.000 47 


kpa) 


— —  — 
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| Veces. Ske seden of 


. 0.60 0.49 1588 673 1119 276 1.763 30 


Problem 8 )3 , 
, D : + ٢ i * A MN Ce Wis | 
Quens E Carro Mera ais for شه‎ y $ v X e ees له‎ We, Boe i eis 
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: a $ P0] 
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020 1199 2964 OM | i t200 o 
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— Problem 13.69 [4] Part 1/2 | 
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Problem 13.69 [4] Part 2/2 


i 
i 


M, TT PP”  P'(psia) (fL,/D), V. (fs) Re(105) f fL,/D (fL,/D; M TAT PAP P (psia) 

١ 0400 1.163 28958 630606 0186 2.31 464 298 0.0730 0434 1875 0427 1158 2520 159 | 
| 9450 1153 23865 712347 0234 157 522 335 00230 04% 1132 0493 1144 24170 — 155 | 
080 1143 24381 705102 0286 107 580 273 00230 0434 0635 0568 1127 1869 149 
0510 1141 20942 8118 0207 O99 592 380 0.093 0434 0558 0585 1123 1812 147 


fterate to determine M» for known Ma 
M: (LD)? (Molguess (Lm Dj? 
0.400 185 0427 11 1.870 
0.450 1.132 0.493 0278 1.128 
0.500 0635 | 0568 0364 35 
0.510 0556 0585 0334 0553 


E B" "Na NE à | | 
| " = T. 7 X. —9 E نلا‎ EIS Z = an | 1 
| A= o. TAN چا‎ NS, x. Me | 
i l 

! T= 55 RA Me 

| | 

: = way pa بے‎ BEA M 

| my = ماک کح = ایم‎ Sua, SAV AD) چه‎ = 333 hoo, n i NN 

$ شید‎ ars vA, = i 
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Problem 13.70 [2] 


13.70 Air brought into a tube through a converging-diverging 
nozzle initially has stagnation temperature and pressure of 550 K 
and 1.35 MPa (abs.). Flow in the nozzle کا‎ isentropic; flow in the 
tube is adiabatic. At the junction between the nozzle and tube the 
pressure is 15 kPa. The tube is 1.5 m long and 2.5 cm in diameter. 
If the outlet Mach number is unity, find the average friction factor 
over the tube length. Calculate the change in pressure between the 
tube inlet and discharge. 


Given: Air flow through a CD nozzle and tube. 
Find: Average friction factor; Pressure drop in tube 
Solution: 


Assumptions: 1) Isentropic flow in nozzle 2) Adiabatic flow in tube 3) Ideal gas 4) Uniform flow 


Given or available data: k = 1.40 R= 2869-— Py = 15-kPa where State 1 is the nozzle exit 
gK 
pg = 1.35. MPa Tg = 550-K D = 2.5-cm L = 1.5m 
1 
ka TI? 
k 
: : 2 Po 

From isentropic relations M4 = | ——4| — -1 My = 3.617 


Then for Fanno-line flow (for choking at the exit) 


2 2 
f o L 1-M (k + 1):M 
سور‎ A —- " an ————— = 0.599 
h k- Mq l af $ : my) 
2 2 
D1-Mi k+1 (k + D.M, 
f SE | —— e 0 |) — f = 0.0100 
Hence ave L 2 2-k k-1 2 TE 
k- M4 2| 1+ :MQ 
2 
1 
k+1 2 
P1 P1 1 27 
کا‎ - 9 
Perit P2 Mı) ,,k 1 Mq? 
Py 
P2 = سب‎ B ————— 1 P2 = 94.2kPa 
k+1 2 
1 2 
M k-i 
1f 1+ O 
Ap = P1 - po Ap = -79.2 kPa 


These calculations are a LOT easier using the Excel Add-ins! 
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Problem 13.71 [3] 


13.71 For the conditions of Problem 13.57, determine the duct 
length. Assume the duct is circular and made from commercial 
steel. Plot the variations of pressure and Mach number versus dis- 
tance along the duct. 


O O 
Given: Air flow in a CD nozzle and insulated duct 
Find: Duct length; Plot of M and p 
Solution: 
Basic equations: Fanno-line flow equations, and friction factor 
Given or available data T4 = (100 +460)-R Py = 18.5-psi M, =2 My = 1 A= Lin? 
Bt ft-1bf 
k = 14 ره‎ = 02399. — Ray = 53.33: 
P Ibm-R Ibm-R 
Then for Fanno-line flow at My = 2 
1 
k+1 : 2 2 
P1 P1 1 2 favelbmaxt 1-Mı k+1 (k+ DM, 
1 1 Um 1 
2 2 
2 45.3: psi 
so 4 = 45.3-psi 
Perit ^ 3 4982 Perit p 
٢ 1- M5? (k + 1-M5? 
and at My = 1 926-024 | -0 
D . -1 
h k-M) 21 4M 
2 2 
Ibm ft 4-A 
Also = = 0.089. — V, = My: /kR,; -T V4 = 2320.— D = /— D=1.13-in 
P1 Ras 01 a 1 Ty FRair "1 1 = 
i , pi V4:D 
For air at T4 = 100-°F, from Table A.9 u = 3.96x 10 ري‎ SO Re, = LEC 
t 0 
For commercial steel pipe (Table 8.1) e = 7 Ê 21595x 107? and Re; = 1.53 x 10° 
D 
Hence at this Reynolds number and roughness (Eq. 8.37) f = .02222 
1.13 
D | fave Fmax2 fave’bmax1 12 k 
Combining results Ly = =| ———_ - l -(0.3050 — 0) Li» = 1.29-ft L1» = 15.5-in 
f Dh Dh .02222 


These calculations are a LOT easier using the Excel Add-ins! The M and p plots are shown in the associated Excel workbook 
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Problem 13.71 (In Excel) [3] 


13.71 For the conditions of Problem 13.57, determine the duct 
length. Assume the duct is circular and made from commercial 
steel. Plot the variations of pressure and Mach number versus dis- 
tance along the duct. 


Given: Air flow in a CD nozzle and insulated duct 


Find: Duct length; Plot of M and p 
Solution: 
The given or available data is: f = 0.0222 
p*= 453 kPa 
D= 1.13 in 
pr EZA EZA KG 7 Fanno Line Flow Curves(M and p) 
zo| 0305 | 0000 | 0 | 0.408 | 18.49 | 
ادو را‎ 0290 | 0.015 | 0.8 [0.423 | 19.18 | 
1.90 
1.85 20 < 45 
1.9 > | 
l = + 40 
1.8 =. 1 
N 
1.7 = په‎ J 35 
1.6 پا‎ : 
M 1.5 = < 30 p (psi) 
1.4 = = : , 
1.3 1 ~ j 9 
— — پا‎ 
1.2 M — oU له ده‎ 20 
11 Pressure | 
1.0 15 
0 4 8 12 16 
X (in) 
1.00 1.000 
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Problem *13.73 [2] 
*13.73 In long, constant-area pipelines, as used for natural gas, 
temperature is constant. Assume gas leaves a pumping station at 
350 kPa and 20°C at M=0.10. At the section along the pipe 
where the pressure has dropped to 150 kPa, calculate the Mach 
number of the flow. Is heat added to or removed from the gas over 
the length between the pressure taps? Justify your answer: Sketch 
the process on a Ts diagram. Indicate (qualitatively) Tp, To, and 
Poy 
Given: Isothermal air flow in a duct 
Find: Downstream Mach number; Direction of heat transfer; Plot of Ts diagram 
Solution: , , 
۷ ۷ 1 
; ; 1 ه‎ 2 k-1,2 
Basic equations: hy +— + — = h) + — —=1+ -M Mate = ۷۰۸ 
q 1" xa 2 T : rate م‎ 
Given or available data T4 = (20+ 273)-K Py = 350-kPa M, = 0.1 P2 = 150-kPa 
From continuity Mate = Pp Vy A = py VoA so pi V4 = Pa Vo 
V 
Also p-2p RT and M=— or V = ٠ 
c 
H tinuity b 7 M B M 
ence continuity becomes ——-M,-c,; = ——-M>-c 
y RT, 21 Ry "202 
Since T1 = T9 Cy =C SO pi M4 = p>M) 
P1 
Hence My = اسو‎ Mp = 0.233 
P2 
2 2 
From energy ae h 2 h m =h ho, = cp: (T T 
ám 2" > 1" > 02 “01 ~ ‘p ( 02 01) 
T 
0 k-1 k-1 
But at each state — =1+ M or To= 117 EUM. 
T 2 2 
Po2 
Since T = const, but My > My, then To? > Toy, and Po í 
T "m i To 


su > 0  soenergy is ADDED to the system 


dm | Pi P2 
/ © F 8 
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Problem *13.74 [5] 


*13.74 Air enters a 15-cm diameter pipe at 15°C, 1.5 MPa, and 
60 m/s. The average friction factor is 0.013. Flow is isothermal. 
Calculate the local Mach number and the distance from the en- 
trance of the channel, at the point where the pressure reaches 500 


kPa. 
Given: Isothermal air flow in a pipe 
Find: Mach number and location at which pressure is 500 kPa 
Solution: 
f-L 2 
1-kM 
Basic equations: Mate = ۸۵ p-pRT c nlm?) 
D 2 
k-M 
Given or available data Ty = (15+273)-K Pq = 1.5-MPa Vi= 60.2 f = 0.013 py = 500-kPa 
5 
J 
D = 15-cm k = 1.4 R = 286.9. —— 
kg.K 
c P1 22 
From continuity pi V4 = Pa Vo or —.۷ | = Vo 
1 1 
1 2 
: P1 
Since T, =T and V = Mc = My k-R-T My = My-— 
P2 
ey = [KRT c = 340— M = My = 0.176 
1 1 1 " 1 c 1 : 
P1 
Then M, = M¡— M, = 0.529 
P2 
tL 1-kM4 
s 1 -kM, 
At My = 0.176 pop (xm) = 18.819 
p kM," 
coved. 
tL 1-1 7 
; 2 -k M5 
At M» - 0.529 Wei. s EVEN (M5?) - 0.614 
p kM) 
ر‎ 
L2 fLmax2 FFmax1 
Hence ——— = — - —— = 18.819 - 0.614 = 18.2 
D D D 
D 
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[4] Part 1/2 - 
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NATIONAL 


pedes Problem *13.76 [4] Part 2/2 | 
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Problem 13.78 


13.78 Air from a large reservoir at 25 psia and 250717 flows isen- 
tropically through a converging nozzle into a frictionless pipe at 
24 psia. The flow is heated as it flows along the pipe. Obtain a 
plot of the Ts diagram for this flow, until M = 1. Also plot the 
pressure and speed distributions from the entrance to the location 
at which M = 1. 


Given: Air flow from converging nozzle into heated pipe 


Find: Plot Ts diagram and pressure and speed curves 


Solution: 
The given or available data is: R= 53.33 ft-Ibf/Ibm-^R 
k- 1.4 
cy,7 0.2399  Btu/lbm^R 
187 ft-Ibf/Ibm-^R 
Tis 710 ٢ 
Po= 25 psi 
Pe= 24 psi 
Equations and Computations: 
From p y and p,, and Eq. 13.7a 
(using built-in function IsenMfromp (M ,k )) M,- 0.242 
Using built-in function IsenT (M ,k) T.= 702 ?R 
Using p a M a and function Rayp (M ,k) p*— 10.82 psi 
Using Te, M ,, and function RayT (M ,k) T* = 2432 °R 


We can now use Rayleigh-line relations to compute values for a range of Mach numbers: 


150 200 
s (ftlbfllbm°R) 


ete epele pe 


|__| 8 د سم e‏ سم نس اس 2 | Lar oum‏ 


Ts Curve (Rayleigh) 


100 


Coas | 0725 | Ue x | 95 | 1s | mo [| 1873 ] 


3000 
2500 
2000 
T (°R) 1500 
1000 


500 


0 
0 50 
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1.0 


1.0 


0.9 


0.9 


979 1.83 19.8 186.57 


Velocity V Versus M (Rayleigh) 


0.7 0 


00 


2387 2396 1629 250.96 


1658 1.44 15.6 252.70 


Pressure p Versus M (Rayleigh) 


272.78 


0.3 


273.13 
273.43 
273.70 
273.92 
274.11 
274.26 
274.38 
274.46 
274.51 
274.52 
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2083 


2403 


0.2 


1805 


3000 
2500 
2000 
V (ftis) 1500 


1000 


2401 


30 
25 

20 

(psi) 15‏ م 
10 

5 


0 


0.742 
0.759 
0.775 
0.790 
0.805 
0.820 
0.834 
0.847 
0.860 
0.872 
0.884 
0.896 
0.906 
0.917 
0.927 
0.936 
0.945 
0.953 
0.961 
0.968 
0.975 


0.993 
0.998 
1.003 
1.007 
1.011 
1.014 
1.017 
1.020 
1.022 
1.024 
1.025 
1.027 
1.028 
1.028 
1.029 
1.029 
1.028 
1.028 
1.027 
1.026 


0.47 
0.48 
0.49 
0.5 
0.51 
0.52 
0.53 
0.54 
0.55 
0.56 
0.57 
0.58 
0.59 


0.61 
0.62 
0.63 
0.64 
0.65 


0.67 
0.68 


0.7 
0.71 
0.72 
0.73 
0.74 
0.75 
0.76 
0.77 
0.78 
0.79 


0.81 
0.82 
0.83 
0.84 
0.85 
0.86 
0.87 
0.88 
0.89 


0.91 
0.92 
0.93 
0.94 
0.95 


0.97 
0.98 


1 1.000 


Problem 13.79 [4] 


13.79 Repeat Problem 13.78 except the nozzle is now a converging- 
diverging nozzle delivering the air to the pipe at 25 


Given: Air flow from converging-diverging nozzle into heated pipe 


Find: Plot Ts diagram and pressure and speed curves 
Solution: 
The given or available data is: R= 53.33 ft-Ibf/Ibm-^R 
k- 14 
cp= 0.23399  Btu/lbm^R 
187 ft-Ibf/Ibm-^R 
To= 70 œR 
Po= 25 psi 
Pe= 2.5 psi 
Equations and Computations: 
From p y and p e and Eq. 13.7a 
(using built-in function IsenMfromp (M ,k)) M.= 2.16 
Using built-in function IsenT (M,k) T.- 368 °R 
Using p e M ی‎ and function Rayp (M ,k) p* = 7.83 psi 
Using Te, M, and function RayT (Mk) T*- 775 "R 


We can now use Rayleigh-line relations to compute values for a range of Mach numbers: 


[157 | 0475 [308 —| 940 | 205 | 082 | 25 | 0.00 | 
: 28 


179 


Ts Curve (Rayleigh) 
800 
0 
٧ 
650 
600 
T (°R) 550 
0.571 500 
450 
- 
0.588 350 
300 | | | | | | | | 
0 10 20 30 40 50 60 70 80 
| 182 | 
s (ft'lbf/lbm°R) 
0.609 


9 
[i75 | 
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1.0 


1.0 


0.48 


529 127 | 1849 43.43 
532 1131 1844 0.51 4.0 44.24 
Velocity V Versus M (Rayleigh) 
2500 
2000 
1500 
V (ftis) 
1000 
500 
0 T i i T 
2.0 1.8 1.6 1.4 1.2 
M 
616 1217 1728 0.63 4.9 60.18 
620 1221 1721 0.63 5.0 60.88 
Pressure p Versus M (Rayleigh) 
9 
8 
7 
6 
(psi) ° 
SI 
p (psi), 
3 4 
2 
1 
0 T T T T 
2.0 1.8 1.6 1.4 1.2 
M 
138 | 1564 7321 
1307 | 1555 73.65 
1310 | 1546 74.08 
1314 | 1537 74.50 
1318 | 1528 74.89 
1321 | 1519 | os | 66 | 7527 
1324 | 1510 75.63 
1308 | 1500 75.96 
1331 | 1491 | 087 | 68 | 76.28 
1534 | 141 | oss | 69 | 7658 
1337 | 147 76.86 
1341 | 141 | 090 | 71 | ۹8 
1344 | 145 7734 
1347 | 40 77.55 
1x9 | 1430 7773 
1352 | 0 77.88 
1355 | 1409 78.01 
1358 | 1398 78.12 
1360 | 1387 78.19 
1362 | 1376 | 099 | 77 | 7824 
1365 | 1365 7825 
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0.658 
0.663 
0.668 
0.673 
0.677 
0.682 
0.687 
0.692 
0.697 
0.702 
0.707 
0.712 
0.717 
0.722 
0.727 
0.732 
0.737 
0.742 
0.747 
0.753 
0.758 
0.763 
0.768 
0.773 
0.779 
0.784 
0.789 


0.805 
0.811 
0.816 
0.822 
0.827 
0.832 
0.838 
0.843 
0.848 
0.854 
0.859 
0.865 
0.870 
0.875 
0.881 
0.886 
0.891 
0.896 
0.902 
0.907 
0.912 


i : TA S 
— [99] AR 


1.69 
1.68 
1.67 
1.66 
1.65 
1.64 
1.63 
1.62 
1.61 
1.6 
1.59 
1.58 
1.57 
1.56 
1.55 
1.54 
1.53 
1.52 
1.51 
1.5 
1.49 
1.48 
1.47 
1.46 
1.45 
1.44 
1.43 
1.42 
1.41 


1.39 
1.38 
1.37 
1.36 
1.35 
1.34 
1.33 
1.32 
1.31 


1.29 
1.28 
1.27 
1.26 
1.25 
1.24 
1.23 
1.22 
1.21 
1.2 
1.19 
1.18 
1.17 
1.16 
1.15 
1.14 
1.13 
1.12 
1.11 
1.09 
1.08 
1.07 
1.06 
1.05 
1.04 
1.03 
1.02 
1.01 
1 


Problem 13.80 [2] 
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Problem 13.81 121 
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Problem 13.82 


Air flows through a 5-cm-inside diameter pipe with negli- 
gible friction. Inlet conditions are T, = 15°C, p, 


1 MPa (abs), 


13.82 


and Mı = 0.35. Determine the heat exchange per pound of air re- 
1.0 at the pipe exit, where p = 500 kPa. 


Frictionless air flow in a pipe 


Heat exchange per Ib (or kg) at exit, where 500 kPa 


= م‎ ۷۸ p-2pRT R = tp: (Too - To) (Energy) pi-p5- Pr Vp(V2 -V1) (Momentum) 
pi = 1-MPa My = 0.35 P2 = 500-kPa Mo = 1 
J J 
g g 
P1 kg m 
= — = 12.1 — Cc, = ۱١۱٢١. c, = 340— 
01 RTI P1 E 1 y¥ 1 1 š 
m 
5 
P1- P2 
V> = +V] V» = 466— 
V 
1 kg 
01 V1 = رم‎ ve P2 سرو‎ P2 = 3.09 
2 m 
P2 
T5 = — T5 = 564K T5 = 291?C 
وم‎ 
k-1 
T9» = so + m) To2 = 677K T9» = 403°C 
k-1 
To = n + 7 To1 = 295K To = 21.9°C 
6Q Btu kJ 
— =C Tp 1 = 164.—— = 383.— 
dm p (To2 - Tox) Ibm kg 
T 
0 
= 0.4389 
Ocrit 
Tol 1 T» ... Check! 
so Ocrit ې‎ Tocrit = 672K close to T? ... Chec !( 
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quired to produce M; 
Given: 
Find: 


Solution: 


Basic equations: Mata 


Given or available data T4 = (15+273)-K 


At section 1 


From momentum 


From continuity 


Hence 


and 


with 


Then 


hy = 25 hz = 65 Btu/Ibm 
p; = 100 Ibm/ft? p2= 106 7 
m = 1.85 5 


Problem 13.83 


13.83 Liquid Freon, used to cool electronic components, flows 
steadily into a horizontal tube of constant diameter, D = 0.65 in. Flow ——» D=0.65 in 
Heat is transferred to the flow, and the liquid boils and leaves the 
tube as vapor. The effects of friction are negligible compared with 
the effects of heat addition. Flow conditions are shown. Find (a) 
the rate of heat transfer and (b) the pressure difference, p, — p». 


Given: Frictionless flow of Freon in a tube 
Find: Heat transfer; Pressure drop NOTE: p2 is NOT as stated; see below 
Solution: 
y? 
Basic equations: Mapa = PVA p=pRT Q= Mate (hoz - hoi) hg-h« ru P1 -P2 = PrVr(V2 aM) 
Given or available data h, = jg Eh p1 = عم‎ hy = pu P) = 0.850. bm 
Ibm 3 Ibm 3 
ft ft 
I 
D = 0650 A = TD A = 0.3327 mias 
5 
m ۷ و‎ 
t ft 1 Bt 
Then ۷ e Em V4 = 803— hoya سه‎ hoy =250— 
piA 5 2 Ibm 
m ۷ 
rate 2 Btu 
Vo = V> = 944— hp = h + — hp» = 82.8 — 
2 هوم‎ 2 02 2 2 02 
The heat transfer is Q = Mrate’ (hog - ho1) Q = 107 Bu (74 Btu/s with the wrong po!) 
5 
The pressure drop is Ap = PV (Va - Vi) Ap = 162 psi (-1 psi with the wrong p?!) 
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Problem 6 [3] 


Cares ! Goma sles nadia os Er ها سه که میت‎ 2. 
Cana که‎ ه٥‎ Saec. Cade: Ceo “ROP LUTE S We - € امد‎ 
CONO is Nato. MPAA, SO Praga” عا‎ ote, که وح‎ 
e يت سن‎ A يش تمس مک سو شار‎ 
TE ool | | vas AR 
= wes 5 پاات چ‎ : Wn C oe 
)اه به‎ 4 ] 
EN Year ya Lx ES El سا‎ = E 
EN a. ia مسر‎ Ms En ne . : pà 
LAMA REO dÁ Ve Aue oce MOOS “Bu V 
ا‎ 
V ns. p CAEN Ue SS) MN | "e aor 
esu eder 5 z x 
E به‎ 59 uM bec GUN 
Dase cq VON OS | د د ا‎ ERT A خا‎ RRR AE NAAN, 
Cong dang, eq ion C pO xS WT 
7 
Mesumpuont ٠ ta, Mero نه‎ FÊ Ress Ko 


(SN اتویف‎ A ah E TORE ARS Ee Se Fo 
«y "S Rex AG A a EROS 
ot M n کو‎ Sens = Oo 
که‎ 225 5 Ser یک پل کا‎ Al è 
کم‎ aS سه‎ Bad دو‎ ê ME = 8 ل) اسنا‎ 
ې‎ x E £x 
NES ET sema E y ma y ES \ د‎ Yo عا‎ 


= IM NES ven loe = CONG Neu AN. E le aro alos Jl- RARA 


— 


Vo, = pi vo «> اک لسن ول ورا‎ aw | = Mia & 


os رو‎ e. SE E Ao LAY 0 o, lo وټ‎ 
as amo سلا‎ E 
BL a= Hono د‎ bar = als $ ue دق‎ El, 
Mela. odo hs = نت چا‎ _ clare | 


= 1000 ٤٨ 
Teon Taneris sv CES 


هيا SN R- e‏ ها دا هه 


Ņ s ask eer ee SI اڅ کیال‎ 1. . 
> we AK» ES S € 3 Baton” Rag” چی کې‎ 7 NEN qe Pa 


د پل "که دند د = AL EN‏ ت Wa BMG‏ 


> a سوا‎ Ds 3, 
na را‎ DARBY ۱ مه کو‎ R 

82 M SVAN (as. هپا د‎ 7o RASG S. xx : 

i |‏ سوا ده = "چا : (eased‏ ,2.088 = "واچ 
Vie WR onie A‏ 

ODA TT MAR E‏ دد چا 

TL = o22 T= EE 

S.l = uta RE مې هغه‎ 
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0 
1 

= 
e 
a 
5 


My = 0215 


PR TM? = k-p-M^ 
R-T 


P2 = 31.1kPa 


T, = 888°C 


To, = 276K 


Po1 = 72.3kPa 


and ditto for po2 
...Check!) 


Mrate 


Problem 13.87 


13.87 Consider frictionless flow of air in a duct with D = 10 
cm. At section (D. the temperature and pressure are 0°C and 70 
kPa; the mass flow rate is 0.5 kg/s. How much heat may be added 
without choking the flow? Evaluate the resulting change in stagna- 
tion pressure. 


Given: Frictionless flow of air in a duct 
Find: Heat transfer without choking flow; change in stagnation pressure 
Solution: k 
E : 10 k-12 Po kada a 
Basic equations: — =1+ M — 14 ——M p-pRT 
p 
Mrate 5Q 
-pP = ۷٧-٧ — To» - T 
P1 P2 ( 2 1) dam P ( 02 01) 
k 
Given or available data T4 = (0+273)-K Py = 70-kPa Miate = 0.5.8 
5 
J 
kan A=7854em k=14 M =1 cy = 1004-— 
4 : 8 
P1 kg 
At state 1 = — = 0.894 — شا‎ = /kRT 
P1 RT 01 = p 1 
x Mrate m V1 
From continuity Vi = V4 =71.2— then M, = — 
P1: S ۹ 
Mrate 2 2 2 2 2 
From momentum P1 - Po = (Vo Si) = PV) -P1 V1 but pV =pc-M= 
2 2 L+k My" 
Hence Py 7P2 = kpo M> —k-py-My or == 
1+k-My 
P1 P1 k PrMı _ k Um 2 
From continuit = — و‎ = — -M,-/kR-T, = 
y 0) ٧۷ = 1%17 R. T ry 1 - 
2 
PM  p2M) Ha 
Hence - Ty = ) ساسا‎ Tə = 1161K 
[Ti [T> pj My 
k-1 2 
k 
k-1 k- 
2 k-1 2 
6Q MJ 
Finall — = ce) وم ل1‎ - Tg) = 1.12— App = - App = -13.5kPa 
y dam P ( 02 01) kg Po 102-01 Po 
Tor 1 Tor 
(Using Rayleigh functions, at M4 = 0.215 = — = 0.1975 Tg? = Too = 1395K 
Toerit Too 0.1975 
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Problem 13.93 


13.93 Flow in a gas turbine combustor is modeled as steady, 
one-dimensional, frictionless heating of air in a channel of con- 
stant area. For a certain process, the inlet conditions are 500°C, 
1.5 MPa (abs), and M = 0.5. Calculate the maximum possible 
heat addition. Find all fluid properties at the outlet section and the 
reduction in stagnation pressure. Show the process path on a Ts 
diagram, indicating all static and stagnation state points. 


(= To) 
(=Po) 
(=To) 
(=P) 
(=p 


K 


kPa 


Given: Data on flow through gas turbine combustor 


Find: Maximum heat addition; Outlet conditions; Reduction in stagnation pressure; Plot of process 


Solution: 
The given or available data is: = 286.9 JkgK 
k= 1.4 
Cp A 1004 J/kg-K 
I5 773 K 
Pi 1.5 MPa T 
M,= 0.5 
Equations and Computations: 
From p, = p,RT, pı= 6.76 kgm 
From V, = M,JkRT, Vi= 279 m/s 
Using built-in function IsenT (M,k): 
TalTis 1.05 Tas 
Using built-in function Isenp (M,k): 
Po /p1= 1.19 Po 
For maximum heat transfer: M,= 1 


Using built-in function rayTO (M,k), rayp0 (M,k), rayT (M,k), rayp (M,k), rayV (M,k): 


1174 
1.60 
978 

0.844 
3.01 


-182 


Toa/To = 0.691 rV = 
Por /p o = 4 Po = 
T/T = 0.790 T = 
pip = 1778 p = 
pip= 0444 p = 


Note that at state 2 we have critical conditions! 


Hence: po2-Po- -0.182 MPa 
From the energy equation: E کو‎ (To, — T4) 
óQ/dm - 364  kJ/kg 
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¡Qu que Desh Y,‏ + لکا 5 5050 . & Ca, E 2340 & E Rop” VN QS.‏ 
Fi ls.‏ ` 
Tron Re ener equ, N Na 5‏ 
A 1 SQ m [a‏ 
asn qn = PAA Org O O HA ` s E p d "e‏ 
Ss v‏ | " 
os oad 230- ak Nox‏ امو de‏ لاه a=‏ 
Le ex de pd‏ 
Sene Mal, a 2‏ دخ 
2 
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Problem 13.95 [3] 


Gasser’ SN فمه‎ Sas cooler open wide C ore 
San _Assurne Bueno danane د وح ده‎ cre 
Morse cok Perc له‎ 


Combustor i‏ سم 


Finds E و‎ HN n C) E 
(SS j 
e Es iho f 
LA). CS | G. OU. T1 = 604 K 15) dm 2) :رنه او‎ 

pi = 557 kPa (abs) 
NS 
1 دود‎ Cc oc eO د وه میا‎ - Seer nde EN 
Bese eq ای اڅ اا‎ TEAR Papi 
i a 4 MO i3 K 


غه wy Saadu Saus can ees‏ وم هې سو 
صصق EN UAVS Canad ON e‏ 
MA, n SS dreo = 0‏ را 
3 + 


= coo BoA Ya A Ea tek 
= په‎ c ا‎ - LEA 
Ra VN. we AW Me OW Cw DS ۱۳ 


na يا پا نما‎ 
ح لا‎ SAC x SCAN = aw (a rA ES oO, SE چا‎ MAA E 


: vA 
m= eR = BLA = X MEN Z > DOME = AR اما‎ 
Fron Wee. EA oM A AN s ENN Ix = eS AAA, me E Lea MA 


Fron Wee. AA A A دو‎ o = o Sto 


eS Res ana Vi = Nou‏ کپ 
هه ML meuo © Wa. Soo, C: ARE‏ 
Eras er - E.» e ATE O oo " Tek = OA‏ 
پټ Pa‏ 
og = Ao M. n WW. oho "Neu Now‏ : 
نوا Feow Re hers‏ 
ېه ' EN‏ $ 
Ced "A‏ د SN E E‏ 
کا Mo Vy = ADO‏ = کا ېږ " da‏ یک د = ew.‏ ۹ ج يسا 
E 5 ۰‏ شت ور پس Be Mea iranske Y Xa.‏ 
پر y‏ وات «on o£ a ESA,‏ غه ها که 
eA, 2.2 76‏ کات 
NO SS ove. Treg! oda sus EBD /‏ 
SH dd x A‏ نا " Sis aan 0 Sorio , Se - La‏ 
o ASS Mio Ana Oo | D E /‏ مېا salar‏ 
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im z2 
T 


Problem 6 31 


CO Super SOME umd USARA T a3 ius E Mads SS 
ES , NS وویډدو‎ d, Eros a Noe S AMA X uon ex 
که غه‎ 28a. We سوک‎ Me ENG Da 
Shock dae n SEA. ATM کت دا‎ EN o E 
CENAR AS EE. که دو هش دا‎ we. 
Ved x خو‎ ET N CEN A= کا کب سو‎ 
Sa KG cua Al Me ensue CN v CC. ak € er toane o 


Fwd: نی‎ "Nes 
wy ow maw 


Tex TAK 


CEU Camoress ibe Ns سوا‎ 
په‎ eq polions ! ۳ a پا = ات یل‎ 2 Sem وې‎ 
Assia DOAQ Ax Lao کي‎ unas ES که‎ a. ER 
SS یی کې‎ ess Sas es Qe We oles 
= See uso Reo Sao Se "ew 
تت له مه‎ es Ne = pos nea 


Mo, N= NA 


Fras دا سو‎ den LA Bowes $ GAY = O وک‎ A مه‎ => MAD MA 

SAS, Ve = AA Ro Sens Wop NRK lo SMS A ML Mo» 
cas P 

X USD eq jS sers = Wo- No = Se NaN‏ سی 

Sne Qe یا‎ E X EE 

= ام په‎ ee 
میک مې اد‎ 
aná 


ms oka, S AA g > A : DOS kals e 
Ss NOAA Ca ه٢‎ m 


— Ta q 
1 


۳ 
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SAS ny 


1 


Problem 13.97 [4] Part 1/2 


Given: Friíetenless flow of Gir in a contant-areo duct, په دال‎ 
to AFM PhECIC presslart, win the flow Cond/hons Shown. 


M *3 B os T p d. n E 
T, = 215% = 48.5 Bra | 
= 1.73 psia m Pint Outside) 


Find: (a) Compare P, with atmospheric pressure, 
(b) Is Mz greater than, geel fo, or less than Un thy? 
(€) Sketch p VS. X Along the Channel, 


Solution: Apply ue Arr Fay leigh ln Flow of An ideal gas, 


Basic equo hions; 


b NESCIT PA TPLA” P V.)‏ 2 + ړم 


Computing equator) EFO Em) 


Assumptions! G) Steady Flow (5) هئ‎ 
@ Frichontess Flow (6) Ws = Wsnear ۵ 
(3) هم مسوا‎ Flow AF Zach section (7) 44 =O 
(4) Ideal gas 


The ۳٣ ووړی چو(‎ possible Mach nuntber tre Super sor (c flou Lut Th heating és سي‎ l. 


1 
E fo 
(8 T IE 2) = USR (i+0.2(3.0)') = 613% "——' د‎ 
mode + ې څل‎ ¿ten کو _ مع دبا‎ 
01 Ort adm Wa 6.240 Ba" DES = SIS K 
Cheek try M2F 7 = Dz , Se " 
: fe ante 11 EU e 
Va ادي 1,280 = اوهد دو‎ 
Thus $1 = +, + > Ur) =P, + fiv (v, <ve) 
Viz M,C, = M PERT, = 3.04718 £t. = 2,1l00 fe IS ; 25a = 6,0201 deu ike 


þr = 103 lof 


+ 0.9217 leon 5 (Zio = 1280) fF , slug, شی عط‎ A ID. psia 
inet Fə” 


E 2.1د‎ tam SMA A e 
Thus if Ma =10, the متا دل‎ which IS not possible WY Sonia fia, Therefore 


| Pz 
"da “atan and M> ٣٢ tor this flow. 


The pressure Vs clistanee Plet "T n 


This problem Coteld be Salut dd 


Quare ivetey, bulk only by يې ري وا‎ ۷ 
eration 20 by Use of Compris bie Flow 


Funchant; thet doen i& ۲6/۶2۶م‎ 6/ 8756/246 


Part 2/2 


pa 


Problem 13.97 [4] 


For M, = 3.0 fren APP. 7 En = 0.6540 , and i 2 کطۀا/,ل‎ 
To 
# T b ۾‎ Ta i 
Thus Ty = 2 = H35 dar د‎ LL اس نع‎ 
(ge), D bS ما‎ 2d (Pip), که‎ ES 


© 
At section 2, Toa کل د‎ Rand Taz BISE دم(‎ 
Dt PTR 


Prom App. EB mis corresponds to Mg ELTE, At This Mach number, oe = JY, 


Thus Pa = e*(5.), ~ 9,85 psia „ D 43 1 = 44 psia 


{ These Cadéulanens confirm that ادوا‎ and 2< fase: ) 
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Problem 13.98 [4] Part 1/2. 

Gin! هم هم4۹‎ cabi 2 و و‎ Don SU Ste, m = ۹ bm کل‎ 
Crust i$ ۸.85 ad à * 40,000 Ft (State 1) 

Air Slowed و‎ ICA. 29 A Joels tuto plane (taste 2), 


Aur Compressed adiabatically dy Presscere EQLLL UA PENH 
| Yo 8,000 + Athtide; AT = FOF (State 3); Wy, 


Shr is Coo ke At Cons tarit Presse, Lolth nes 119 (elc 
trichoa to 70°F (State +); V x h 


Find: (a) Sketch a Sydterri UAG ; labeling Al ته‎ ۰. 
(b) Determine Statie and Stagna hon temperatures at. 

l bach Cros s- section, 

heat re fected‏ له Added‏ ٣م‏ للا (E) &€vo.trc«e ye compressa‏ | نا 

in Coo iiia Pro . 


boluhon: Prem tht standard atmosphere, At 3, = 40,000 ff, 
Tı >= —70 F and ر۷ډ‎ 223 LIES 


2, = Rr = L x SBS fE f (ho, 8.2 lem هلک‎ E 268 ft 
bra ۶ فا/2‎ Tet I 


Vi + MIC, * 998, 968 FH . fon ۳ js 
5 


: z "S LI 
For isenfropie dece lerathen 7 نل د‎ We de 73, * Ta + Yi 


| Zep 2ép 
dz. ox i.n L 
lz = T; + ze EAE 
= a ; > , Slug 8 
Ih = 300% 1, JER [esy lioo] fe^, Ste, HPT 2 GYSER 
: 2 0٥ 27 ٤ 15 rg feet “Siig fr 32:2 6m 
for isento ple dece lerahen , 
A 
y . ft“ 
Put 4. E E 2.73 pora (Y |" pr US 
1 T: 


The compressor raises the air tre د اچ‎ leat af 33 +3, om FF; 
from The Standard Ahnesphere 
as 
P3 Py > 0 2 PSIA ; ba * Pal lr Eure „ 10.92 /t0.2(0, 082335 = [2:47 psa 


Assume Va Va % Vy Sire po other dato ar known. The System | کا‎ 


on aircraft mm. 
Inlet gear Exchanger 


Compressor 


— m = 0.75 lbm/s. 
— (to cabin) 


M = 0.85 


@ Win © out @ 
! = a a - - 7 - P 
Ti = -70 F T4 T5 170 F Ty 70 F 
p, = 2.73 psia V, = 0 ft/s ?V3* V, Pa = Py = 16.92 psia | 
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Problem 13.98 [4] Part 2/2. 


Evaluatng progecres: y = TL ET ey = SOR UFO EEF) MUERA Thr | 


Py, = 0, Cre Ij "T = 2.73 proc (19 4 2(0. 91 سور‎ - 4,33 5o = fy 

Ta * ٢٢ د٢‎ = 445 POR = SR i Tos = Tia FITR” blak (since Vex coast) 
fro,» THE Energy équahen 

Ma = mlhs-he) = Meola- Ted 


Wy = OS then 9.240 Bre ORDES 43.3 hp 
rn R BAL KEO Jy bk 


A = m lha-hs) - mo (Ty Ta) 


Bin = OTS teen, uo Bto (S30 دت‎ . 15.3 Ghe/s (out) Qa 
bra pu] 
Thé ۱۳ يم‎ Changs are Computed usag Co » da-vdpas 
Ab,z = EA Da ¿Pa .اہ‎ Biu Louie 53.5 f ور‎ bn, fT 47, _L ااا ي‎ Br. 
T La. dnd Ga tame. eu. BE TIPA bd Dep" 
bY sy = Solu د‎ E Ree 2.240 Ba یککېا‎ 59,8 Ghee Gte ty DA i. 227, = 0.0301 Bha fiera : 
pr mi BL UT ouo 10.7) 


The Ts chagram 15: 


Goa . 
Temperature, 
T 
(deg £} 
503 F 
Feo 


- J.0 — 2.2 ô 0.0L 
Entra py, له‎ (Bes flbm PR) 
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Problem 13.99 [3] 


13.99 Testing of a demolition explosion is to be evaluated. Sen- 
sors indicate that the shock wave generated at the instant of 
explosion is 30 MPa (abs). If the explosion occurs in air at 20°C 
and 101 kPa, find the speed of the shock wave, and the temperature 
and speed of the air just after the shock passes. As an approxi- 
mation assume k = 1.4. (Why is this an approximation?) 


Given: Normal shock due to explosion 
V 
Find: Shock speed; temperature and speed after shock Shock speed V, Shift coordinates: O (V, — V) 0V9 
Solution: 
3 Shock at rest 
Mı + 
; A 2 k-1 

Basic equations: M, = "ENE V = Mc = M-/k-R-T 

A NM H ړب‎ 

k- 


J 
Given or available data k = 1.4 R = 286.9. —— p? = 30-MPa pı = 101-kPa T4 = (20 + 273)-K 


From the pressure ratio My = 16.0 


Then we have Ty = 14790K Tə = 14517-°C 
M; = 0.382 
Then the speed of the shock (V, = V4) is VQ = Mı. [KRT]  V,=5475— V, = VQ V, = 5475— 
5 5 
After the shock (V5) the speed is و۷‎ = My Jk RT? Vo = 9302 
5 
0 
But we have V)=V¿-V V = V- V5 V - 4545— 
5 


These results are unrealistic because at the very high post-shock temperatures experienced, the specific heat ratio will NOT 
be constant! The extremely high initial air velocity and temperature will rapidly decrease as the shock wave expands in a 


spherical manner and thus weakens. 
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Problem 13.100 [3] 


13.100 A large tank containing air at 125 psia and 175 is at- 
tached to a converging-diverging nozzle that has a throat area of 
1.5 in? through which the air is exiting. A normal shock sits at a 
point in the nozzle where the area is 2.5 in”. The nozzle exit area 
is 3.5 in”. What are the Mach numbers just after the shock and at 
the exit? What are the stagnation and static pressures before and 
after the shock? 


Given: C-D nozzle with normal shock 
Find: Mach numbers at the shock and at exit; Stagnation and static pressures before and after the shock 
Solution: k+1 
kel 343999 É 
1+——-M k-1 
: : : A 1 2 Po k-1 2 
Basic equations: Isentropic flow = —| — — =|1+ -M 
crit M Ee p 2 
2 k 
k+1 2 i 
2 1 
k-1 
My 1 P2 2k ke Po2 MD My 
Normal shock M^ Ee == a M 
SS pj kel k+1 Pot ES 
k-1 2k رع د‎ 
k+1 k+1 
Gi ilable d pe 1 
iven or available data k = 1.4 Rair = بس لن نن‎ Po1 = 125-57 Tg = (175 + 460)-R 
m 2 2 
A, = 27 As = 2.5-in (Shock area) A, = 3.5in 
Because we have a normal shock the CD must be accelerating the flow to supersonic so the throat is at critical state. 
Acrit = At 
A k+1 
At the shock we have = 1.667 2-(k-1) 
crit 1+ k-1 M.” 
A 1 2 I 
At this area ratio we can find the Mach number before the shock from the isentropic relation = ا‎ 
crit My kr 
2 
Solving iteratively (or using Excel's Solver, or even better the function isenMsupfromA from the Web site!) M4 = 1.985 
The stagnation pressure before the shock was given: Po1 = 125psi 
: : Por . 
The static pressure is then p4 = دد‎ Py = 16.4psi 
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After the shock we have M, = 0.580 
k 
k+1 M 2 E 
2 1 
k-1 
1+ M’ 
fuso A Pop = 91.0psi 
رع د يو‎ 
k+1 k+1 
d 2-k 2 k-1 : 
an P2 = P1: er Hom P2 = 72.4psi 


Finally, for the Mach number at the exit, we could find the critical area change across the shock; instead we find the 
new critical area from isentropic conditions at state 2. 


k+1 
Ep 2-(k-1) 
14M 
قو‎ E 
Agit2 = Ag My mu Acrit2 = 2-06in 
E 
Ae 
At the exit we have = 1.698 
crit2 k+1 
k-1, 2 een) 
1+ -M 
Ae 1 ye 
At this area ratio we can find the Mach number before the shock from the isentropic relation = — 
d M k+1 
crit2 e تت‎ 
2 
Solving iteratively (or using Excel's Solver, or even better the function isenMsubfromA from the Web site!) M, = 0.369 


These calculations are obviously a LOT easier using the Excel functions available on the Web site! 
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[2] 


k 
Po ( k-1 2 
=/1+4 : -M 


p 
Pop = 10-psi p» = 8-psi 
Mp = 0.574 


py(a - kM”) = pza - وه‎ 


ft 

cy = 827— 
1 5 
Mm 16665 

5 

ft 
V4 = 1822.— 

S 
M, = 2.02 My = 0.573 Check!) 


Problem 13.101 


A normal shock occurs when a pitot-static tube is inserted 


13.101 


into a supersonic wind tunnel. Pressures measured by the tube are 
po, = 10 psia and p) = 8 psia. Before the shock, T = 285 R and 
pi = 1.5 psia. Calculate the air speed in the wind tunnel. 


Given: Normal shock near pitot tube 
Find: Air speed 
Solution: 


Basic equations: P1 -P2 = PrVr(V2 = V1) (Momentum) 
Given or available data T, = 285. R Py = 1.75-psi 
ft-lbf 
k = 1.4 R; = 53.33.——— 
T Ibm R 
At state 2 M, = 
2 2 
From momentum Py =P) = Px V> -Pr V4 but 
2 2 
P1 7P2 = kpr M —k-py-My or 


Hence 
Also cy = JKRair 
Then Vi = ٢ 


Note: With p; = 1.5 psi we obtain 


P2 
(Using normal shock functions, for — = 4.571 we find 
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P1 


Gen : aee Nes of ar A = a cereal ose. disc V. 


———— IL š | 
Xe mor 1 | G | 
AZ یه‎ Tm voto A 
NUR NS Apaol l ^ inadi l | 
Fad: Ray Me ٢ ۹۹۴ ۷# | 
SAO, fe A: | 
f EN پلا‎ 
Bosw بوس یا‎ $ wos 3 = پا‎ = | 
We Suis Queens ١ ۱١ V Qeo | (xy ta o | 
usc fous cus gaen شی‎ aol. | 
D Qe Wye WSear =O دا‎ A= ATER | 
: FX : : 
E MES wer" = aclu شا‎ 32.2, M, Y = معح‎ Us 
A? 8 
ha وا‎ y TETN S Cue), | 
Vir leet. ` «olas پد‎ ete | Bh Q9 M کي‎ 
5 Tia CEA TENE vta EN & 
T= WER | 
0 21 Nan exa 
Wr OD e, Ox. (sas EM Lag کار‎ Y = wae fils 
Ca Yor OR. da N E 
A. S Eo T Co OWN دور پري وو وو وت و‎ D Qe چ ور وسسمتنبب ووو‎ | = 
| ۹ a چ‎ | 
e : E ې که ري‎ ey ۳ه‎ 
Ton شی‎ m ONE Re x e WU A € | 
MEC VEM ber A MAA " | 
8 pm وود‎ se SS. ال‎ Lode, * Eig = oasa ما‎ Va n Re. 
is E e BA اه‎ | .: 
© | | 
v ® | 
— © | 
: | in | 
| | 
| | 
p -© 
Go mm M 
—— ——— © کم‎ 
S A 
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i 
i 
| 


Problem 3 [2] 


Caaen: NAdo- RIE gra ss Daund ma SS das ود‎ e ED 
Minima EM Aas SS NEST 


Nas | A اوح رک‎ 
٩ f > l 
xefe j 929 Sol نل‎ 
` ———— | eet 
e$ M 
یس‎ e | | 
E a^ Vers MS DN DN M s S Ng 
Sauer. i " 
Comparing en pes x e Qe = con. across sed) 
Ne. ys tau و‎ a 
ee > e اج سا‎ = 
y FN + a OX 


Resa edens : Tw A tacks ورس اس‎ E 25 A Aaw که‎ EXC په ‌مامد‎ 
شي‎ den ES 


Meros Me cec N ln د و‎ RAN 
i EEN af A l 
يک ې م‎ tego LA a pat A 
RN SEEN 
p^ ES Vs VEM Tu | 
AU e نع‎ T MEN a PT 
ٌ WX C هددت‎ MW * Sack” FS 0 0082 Yon ted . 


dom Mey soc zOReNNMASS. SM Sac. ES MAT Los. 1 


: n. ^ 
وغ‎ e et X te sao A = کی‎ 7 "NS. 


` a SM uk : AM 

CN‏ تیت می که uu zov para ls «y = xou NUR‏ انغ ws‏ = چا 
REI‏ ار M ja Pe‏ 

WE som (us SENE bes 5 paa Le e Bho AW لو‎ pam ee Na 


Seu Na,” ADA, 


و 


Ve = uere Comore ss the ما‎ Nas ehe (S eeu diss) 
BT E مد په‎ ~ Len En 
و‎ ao Sw ٢ V 
Au eeu So کي‎ ¿RE NUE o 
Los [Ps Sora Ga S 
Cor MN, = LO, ASSUM من‎ EA 
EXAM =o ANE همها‎ a, "Roz lo, 
and و‎ use ۴ و‎ 8 


SE SY 
fei 
د و‎ Xe sa Xe Notes t `A غه شا‎ 


nemaze ho ما‎ 
CE دل‎ SN, s ÚS í 
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0.0685 7 


psi 


Problem 13.104 


13.104 Air approaches a normal shock at Mı = 2.5, with 
To, = 1250°R and p, = 20 psia. Determine the speed and tem- 
perature of the air leaving the shock and the entropy change across 
the shock. 


Given: Normal shock 


ft: lbf/lbm-R 
Btu/lbm:'R 
?R 
psi 
kg/m? 
m/s 
T,= 556 
96 
T= 1188 
728 
Po= 143 
ft/s 
Btu/lbm-R 
ft: lbf/lbm-R 


Find: Speed and temperature after shock; Entropy change 
Solution: 
The given or available data is: R= 53.33 
k= 1.4 
Cp = 0.2399 
To 1250 
pi-— 20 
M,= 2.5 
Equations and Computations: 
From P, =P RT, p1= 300.02 
Vi= 764 
Using built-in function IsenT (M,k): 
To /T,= 2.25 
Using built-in function NormM2fromM (M,k): 
M;- 0.513 
Using built-in function NormTfromM (M,k): 
T/T; = 2.14 
Using built-in function NormpfromM (M, k): 
P>/pi= 7.13 
From V, =M,«HRT, V= 867 
From AS =C, n - Ld 
T, Di 
As = 0.0476 
37.1 
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A A AA سم‎ EA 


| Ned MOS. i l j 


Quen; Mw Las we o noma Sexk as San; 


| Tas 


Sa” 
, REZA Ra Ja | 
| 
| A Tok eses 1 | 
OMG) | 
Tra : a: Ror | 
` عا ‌افدهوې مه‎ i m A ERA OS olaa MS Aa 
فا‎ placas, Cy steady Cow E) دد‎ =O | 
غا‎ nikon Kew ex o. si edis doy no Lies Cox شي‎ | 
@) a= سل‎ scar xo WEE C aos | 
UN tA =o | (V Ae ASE! | 
1 
: l | 
i EN ۱ NM : | 
| s ex Cum (Rex + = CEET E Soi سر‎ E 352. A" | 
E | ASM | 
ان م‎ 352. mo OC | 
EAT | 
| ` Ly 1 | 
| Eron Mee AN "s oe NUM | 
> Y 

| Fron Mega lee omoa تادا‎ | 
| | 

i x ls 

Ts اا یک ش‎ ety = Sox Bs 

xs M 
LIA CS \ 
چا‎ FE oman Sing ور‎ e لوو‎ I 
WX 
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P17 38 kPa 


P27 271 kPa 


P27 543 kPa 


Problem 13.106 


13.106 A normal shock stands in a constant-area duct. Air ap- 
proaches the shock with To, = 550K, po, = 650 kPa (abs), and 
M, = 2.5. Determine the static pressure downstream from the 
shock. Compare the downstream pressure with that reached by de- 
celerating isentropically to the same subsonic Mach number. 


Given: Normal shock 


Find: Pressure after shock; Compare to isentropic deceleration 


Solution: 
The given or available data is: R= 286.9 
k= 1.4 
Toy = 550 
Po 650 
M,= 2.5 
Equations and Computations: 
Using built-in function Isenp (M,k): 
Po/Pi= 17.09 


Using built-in function NormM2fromM (M,k): 
M,= 0.513 


Using built-in function NormpfromM (M, k): 
P>/p,= 7.13 


Using built-in function Isenp (M,k) at M ;: 
Po/p2= 1.20 


But for the isentropic case: Po Po 


Hence for isentropic deceleration: 
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Btu/lbm-R 


ft/s 


ft/s 


Problem 13.107 


13.107 A normal shock occurs in air at a section where V = 
2000 mph, T, = —15°F, and p, = 5 psia. Determine the speed 
and Mach number downstream from the shock, and the change in 
stagnation pressure across the shock. 


Given: Normal shock 


Find: Speed and Mach number after shock; Change in stagnation pressure 


Solution: 
The given or available data is: R= 53.33 ft-lbf/lbm-R 0.0685 
k= 1.4 
T,- 445 "R 
P= 5 psi 
Vi= 2000 mph 2933 
Equations and Computations: 
From C= kRT, C= 1034 ft/s 
Then M,= 2.84 


Using built-in function NormM2fromM (M,k): 
M;- 0.486 


Using built-in function NormdfromM (M,k): 
P2!/Pi= 3.70 


Using built-in function NormpOfromM (M,k): 
Po2/P o1 = 0.378 


Then V, = Piy, 
P» 


V= 541 mph 793 


Using built-in function Isenp (M,k) at M ;: 
0 17 28.7 


From the above ratios and given p: 


Po= 143 psi 
Po 54.2 psi 
Poı7Po2 7 89.2 psi 
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0.0685 Btu/lbm-R 


ft/s 


psi 


psi 


ft/s 


psi 


psi 


2567 


101 


86.7 


781 


197 


182 


Problem 13.108 


13.108 Air approaches a normal shock with T, = —7.5°F, py = 
14.7 psia, and V, = 1750 mph. Determine the speed immediately 
downstream from the shock and the pressure change across the 
shock. Calculate the corresponding pressure change for a friction- 
less, shockless deceleration between the same speeds. 


Given: Normal shock 


Find: Speed; Change in pressure; Compare to shockless deceleration 


Solution: 
The given or available data is: R= 53.33 ft-lbf/lbm-R 
k= 1.4 
T= 4525 "R 
pi^ 14.7 psi 
Vic 1750 mph 
Equations and Computations: 
From C= | kRT, C= 1043 ft/s 
Then M,= 2.46 


Using built-in function NormM2fromM (M,k): 
M),= 0.517 


Using built-in function NormdfromM (M,k): 
P2!/pPi= 3.29 


Using built-in function NormpfromM (M,k): 


P2/pi= 6.90 P27 
P2=P1= 
Then yV, = Piy V= 532 mph 
p» 
Using built-in function Isenp (M,k) at M ;: 
Do/pi17 16.1 


Using built-in function Isenp (M,k) at M >: 
Po /P2= 1.20 


From above ratios and p ,, for isentropic flow (p y = const): pa^ 


P2=P1= 
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Problem 9 [2] 
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Nornan Lies ande un چم‎ £ om tat Avie شي‎ 
sansss a Dno us recs EE . Pan. 


| T 
C ———i پو‎ 
| سا‎ T. e سر‎ 
NV Aes NM Ya A Lo, SoS E. 
اه‎ | Compre sie Kow Ese NFS Sears VLAN ANEN 
188 | Weste ons CES ET CEN Sas A uniform Ges dha sien 
m اه‎ News neck 
wy donk oes 
Wes Age که‎ Xe AN exeo POR XA Node © Wada Aua, 
KUE BNA MK Roe AM پک‎ 
| Fran Noo. SA, ot AEA 
XL us ODO, E GA Wee X Nes 
5 AR 0 O, CONSE د‎ o = EON. AS] 
Fron Moo EA E (oe سه‎ A : A, = ©. SAW 
Wea ee = OA 1 رو‎ QU Von یا‎ Cosi Por 
rd * 
P E E Nas cerde. 
Ka i Rar 1 
A 
i 1 
٧0 
p SEA 
| 3 
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| v comen BNO 


موو ووو وودد د ٢‏ کو ګګ e se es aaa‏ وو هوو سا 


Gwen . Concorde {Neus A ms 22 dl an oW Nuda of eo TN SAN Se 
| enmane ARIA suen We ar w Gaccleroled werropicaly 
carr i . No CK. Vocal NEA canner exe Ve C Our SX ADes e. MJ 


meal oda lardo Nee. Mtas ces valeo gesta Yo Wow, 


Se on, | 
Conpressible ç Se C asd es (Se eade, EN None used u^ feu uos. 
Mesure © Stead “law 

es dro t غه‎ 
کی‎ fleas Y غاچ هجلاعم‎ eweg across We Mod. 


| WC roln alluda. Nus ROW B= SSS خا‎ Taie wai) 
| 
| AA Fearn Wee: اسا‎ We t= ت‎ SOS Ne SN = O. OAD. 
| GE RAK Te د‎ Ssa Ra. | 
| 
| Wye Tron Wess EN, Tey OMA, ٧۱ = Ooo | 
a | OTE BAN Roe ad iy. 
| ww | 
| Veo Sre: EM, N, = O Mle Talg soana $= DS BS = Mos | 
| l ` : ` | 
| Pays ودد‎ Tas BOK دل با‎ | 
| Í 
| Voy = Yo, = SUG حا‎ ES E es 
| f , TA n 3 | 
| A, = OM sown دک .یا‎ T ns = مههه‎ DNE = sas. ¿el 
| | 
| 
“T 
i الا‎ 
2D 
شت‎ 
E 
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Problem 13.111 [2 x 


Guen: دجهت‎ Mc. کی غه‎ Cre A م55‎ eae Sed Nonds 
wy Seer. کے‎ dias In Xera gar Cocos < لي‎ R Cocks ems 
ISS wes 2 

ALOE‏ بوا 
ES XO —‏ 
R‏ 

f a) Y ^ SM 4 SN Ri Ra A‏ د دنه 

SAS EN. 

Comprace the Ness (aM EN: ecu e S e e. TOP پک‎ S THES 
و نو دو‎ SS Beadu Sew od aníar Kaw Oo ceden 


DE Bok, Ree 
y Va ot. a ; 


ON ES Se SOR NAR مشه نه‎ a 


Aco Kobe ده‎ No 


Rinda = ما ېوت‎ DOM GN kg هټ ېسا‎ 
A 
شه لها م؟‎ Coa TAKS Nk = SF 
Beare کا‎ ef CESTY 
R t BB ARMED = + E i ER y = MARA esa 
Ew COEM 
WC Robe O a Bess O MAE 
Fren = و“‎ kar : و‎ DAA BA Wa LAS کشم هوه‎ My 
= Mele کا‎ (gers E. ZAHA $33 «M پر‎ * SN EAS 
Sov By Uist: = wrotls کا‎ 
a Sep EAN 1 ka دح د د‎ EA Ne, > Doa Ra = SAA, “PEO. 
b Re. EA A یب‎ SM m RAS x FA, E DDAA 


Rally, = د مده‎ Re IAN po Lor 
BN E GOR کچ‎ MAS مهم‎ - 
X Roy Wie: 
ANE AS 
$ ړو‎ 
Ze 
. 
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Problem 13.112 [4] 


13.112 Equations 13.41 are a useful set of equations for analyz- 
ing flow through a normal shock. Derive another useful equation, 
the Rankine-Hugoniot relation, 


(k4- 1)& — (k— 1) 


P2 _ 01 
= )5 
Pi (k+1)-(k-1)2 
0 
and use it to find the density ratio for air as p/p, — %. 
Given: Normal shock 
Find: Rankine-Hugoniot relation 
Solution: 
: : 2 2 
Basic equations: Momentum: Py + P1: V1 = pP? + PV) Mass: P1V1 = Pp Vo 
1 1 
Energy: hy + VÍ = ho + IVa Ideal Gas: p= p RT 
From the energy equation 2 (h» z hi) = 2-c (T2 T1) = ue a = (Vi v1)(V1 + ۷2) (1) 
From the momentum equation P2 -P1 = TA - ر۷ رم‎ = privi (V4 - Vo) where we have used the mass equation 
02-80 
Hence V1-Vo= 2 1 
P1V1 


P2~ Py P2~ Py Vor. 02-01 01 1 1 
Using this in Eq 1 2-cy (T5 - T1) = (Va * V2) = {1+— |= {1+—]|= (P2 - P1): — س‎ 
01 V1 01 Vi P1 P2 01 P2 


P2 P1 1 1 
Using the idea gas equation Via | —— A —p,)-|—+— 
g gas eq B E zx (P2 zii | 


Collecting terms P2| 2k i P2) 2k P2 P2 
2k P2 P2 k+1) P2 P2 
——— -— -1 Li UNS (k + 1).— - (k- 1) 
P2 k-19i py (k-1) py P2 P1 
€—€———————————————«— or — = 
P1 2-k 02 k+1) 2 P1 02 
——-1-— Cu NU. (k + 1) - (k - 1).— 
k-1 07 (k-1) py P1 
p p 
For an infinite pressure ratio (k + 1) - (k ye =0 or 2 = En (7 6 for air) 
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Problem 13.113 
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By سر‎ flew د کې‎ odo سل‎ O DUDES 
> 


EN ete Bo 

WE WAS A Low See و نف | وپ‎ LE A Ry 9S Ata | 

Hu Men = LR. EE Wee T 1 Wa = SAA CENI zà 
Rie s Bo اوو‎ SRA, ea 
امات ےا‎ = ORE a oa 

WE Ay = n. Cu Wee لد‎ : Wels = wl StS ss WS OER 

WV Wy OSA مې‎ SA ALE Ml esa o NEST Re 

7% oS eg SAS ZIR = Wer Veen .. خد د په‎ 
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Problem 13.114 [3] 


Gruen: Supersonic wind tunne! Starting As Shown, 
At = 2 4 
lo = 1080 £ 
A, = A. = 3.05 fp 


Mees ign = 2,50 


Find: (a) Minimum posse ble Oy oat thes condi Hon, 
(b) Entropy ۵کم م/‎ across the Shock. 


Solution: Use funcion for steady, یسه‎ mensional co mpressitie Flaw. 


Computing equatons: Ala*® ys. M from Sentra pic flow funeris (App. Es 1) 


Por | fy, VS. M from Shock flow functens (App. E: e) 


Assumpfoas: (1) ي لع )6ک‎ flows Adiabatic Flows 
(£z) Uniform flous at cach schon lb) Fa =0 
(3) fdeat gas (7) A3 =o 


(u) Tstatropie except across shock 


Then frem App. El, M, = Zlib at 2 - 2 > an 3d 


From App. E4, at M, و‎ 2.46, a = 5348. Thus یډ‎ TASBIT fo + 62.0 psia] 
of 


For adia bath. fow, Ty =constan+ and T* = ie (080k, 


m ووه‎ € * conta). 


From con رونم‎ m i Ay Ve * Gay Ag | دطداک‎ 7 6= E and V = HEAT, 


2 ke mY A E E - 
s REA E. A t Pat At 

+ kiTa Ad j Ad » A. At he 
Ad = Dro Se 2.37 4+” 


Sars‏ رن 
From The Gibbs equation,‏ 


Tala, = dh - : de = Co d]. edP 
7 P 
Aas Code 7 E Rina E 


Sin Ta D ma /,) oan 


Aa. - MP يی‎ (a. 3325), PL, = 2283 Bs. ٠ na ! Aa 


TE fhile 


| 1 Note a. Slightly stonger shock could occur AF M 2.503. larger diffe sep 
Throat (Aa به‎ 2.51 °) Haste Be 66) غېن‎ Imi Fent. 


Problem 13.115 [8] 


Gases. Areni an super SOIC Nan an عصاعماۀ‎ 


Maa “bend xue Ges tts F WS CAE LEA - 


PRESA, ٩ dus er‏ ده د 


Vialia کسه‎ Compu d. A 
ONSE S CONNU NADO S 
eoo لا‎ 1۹ ae Denton à 


Tirar. ted» € ur د‎ Nen SU 
د‎ sure Eo tend Lok - Sea d. Sae. 
¡CS bis Spud Co MAN S = cre 
VT 


Tron Vote AB a ue »دحوم مسا ها‎ | elas O ANS 


: 
hes = = RAW پا‎ p e. e Ras Os د‎ atts = 2S a 
e T RIO > = ASA RAS لګ لد تا‎ Y = 9X nis 
— deco. 
eO ۹٩ NA کن‎ 


Fron Wee: EX AW sate . Ple oS ©. B= aa Ue 


n 


esto 


Tron See EA ex. WI ے2‎ Ron lp = C NEAN : ې 5 = چا و‎ 
Pon = اد‎ e S CS Nez kN ga ta = vd Le Clady X 


ER Woe ew x Ses" ia هشعکمسدکی‎ TERA ING, Qe Smack en 
Wwe cd eA. xod od e dos غه‎ gud ښک‎ A 

1 
For د چجاې‎ ASI = on. Ger Sees EX مدا ېه‎ 
b WiC) = MO CAN وه = ېو‎ d Ms 


E ES : EUN ما یجی کې‎ 
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Problem 13.117 IB] nes 
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Problem 13.119 
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Comorese e NE US EEN — Mu te u. AX EN 
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: E NI d N ig 
ilu Cx ER, = E T bs ده‎ = 


E * ې‎ EE ESA 
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INEA‏ = مل کل 


4 


pus LIL PSSS Mo یک‎ ay A A ALS E N Wc antes, 
^e Be Ve لا‎ esp BT Wee ېي یلا که‎ = 2*8 e : 


— جف‎ ind ame 


eode = -le m Neils‏ پد on = - San‏ ملا په NELLE‏ 1 الا 


ee, . 


Cede No Broad Qux ENA امعم من‎ 
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E .‏ 
هخح a‏ کش کس 


Problem 13.120 [2] 


Gwen: Sada, odas tee Nu cir Sos Gen a ese SOW ee o come Tarq - 
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Mos Bec 
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Tro c "oe EA ante Lus RM Om ٩ x LU OAO 
Tilga UASZ PRLS ته‎ Ra loo 
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SEAS End‏ فا یا ملا )= ند في Congress e Kao funn ade‏ مصکشلهت 


ASE 


Problem 13.121 [2] 


iven . @-D a 2/٤ expanding Air AS Shawn, 


| 
| 
| © a : 
| p 228p جح‎ = 14,7 psia, 
Po = 59.5 psia. O 
Find! (a) Exit Mach number. Ag? 2.801 int A4 T dr) ya? 


(b) Mass flow mete, 


Solution: Use tuacinas ۳م‎ Steady, one- ali mens ionad compressible fja. 


# | Computing equatens: AJA" ) Pipo, an T/7 from و‎ (Appencdtn E,1) 
xr i مس ک5 د۵5‎ tions! (1) س مو د‎ f /euj (4) Idea gas 

(2) Uniform fla Qt each sechon (E) Fay =0 

(3) LSentropic É NO Shech lo) Az =O 


| 
o | Cheek the exit Cond rhoa; AC Ae. DUI ys ج‎ M, = Lyse (App. & 1,69. 12.6) 
de | 4% Ar 6.801 
| 


Also from App. Ei, at M = ESL, 2 = 0.20139, Le * 0,230 p = 104 psia. 


Thus fe 15 Just slightly above Daten = 140 psia, Flow at exit د(‎ E 
ټک‎ ^. 4.0, Frm وړ‎ 


m ٢ ام‎ Ae = وا‎ Ae = Pele At 
Frm App. El, ae i 21, TIT, * 48233 and (ط‎ ۶۵543, So 


Te = 0,8333, (tuto +20 = EIR and Py = OSES SD C psia ٠ psa 


1 


| m= C50) def pata lem RR d Se jets ] رھ ر‎ ink, Slug «fr 32.2 fim 
mel "533 Fp dot SIR 32,2 lem Sag Fr | iof s S/ug 


| m= 7 ibm [5 


{ Flow in the 356 is Just Slightly undert xpanded, S116 exit >Poace: ] 
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Gasem: Deadu , adiabatic DN Ran (ce a. teteca ENS eon پم پک‎ 
consel e AW er Dente... 
EN S SA & 


AL = O vv 
Ree S58 < " 
Fa = LOD eee. 
$4 
Po 7 
m (unm مد ه ۳ه یچ‎ 
^ (vii) 
— (o) 0) ~ -M < [ Regime Tf OANS 
Throat Exit X —— 


Fig. ۱3 eS Pressure distributions for flow in a converging-diverging nozzle as a 
function of back pressure. 


Vas. We a A een cand ions : EOS در د‎ ٢ SR boundaries ok 
MA RA sey ib 


Compressive, Aena Cose اسما‎ SY Mes ما‎ cata on حمسګله‎ 
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(Y vairogi Nous eweg across o. shack 
For Ala’ = OSS, | 


CR Fay پو‎ A and =a: ۷۴ do, WE Onos هغ‎ ٠ = مههه‎ 
R WE VAR 2 دیل‎ ON سي‎ Ae. 
| 
Kek Rom - ES ۴ Yo 2 MBAS vice هخي‎ = SAM Re ور‎ 


YA EN Qro. e i R 


H 


Xe -ot O AMV «vec gio.‏ اغ 


; OR 
Tor د‎ vae. : from Ree. EA, $C کو چا‎ 


y 


nal Š 5. * Vea =z MOS WS Pan. = S$ do PRA. کس‎ 
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Fig 493.235 Pressure distributions for flow in a converging-diverging nozzle as a 
function of back pressure. ` 
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ومس‎ San Cose one Gee e D ماما‎ sad. ۳ son | 
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| For NEN = کرک دو‎ 


) 8 | 
. مدا د سک‎ ana y Me, Sos > We = LAA SN = OOA | 
x دو د اد‎ CS 03841 | 
Run | 
i Ye vov VS. | 
| ددد د د‎ Sea? Sarat " FTE = DAN a (des) Me R 
v n ۱ : ; : 
Wee Ee Pe = ABI 4 BQ Wha = 3.35 NC Fe 


E NON O A AA ES‏ پا 


Voc Mos BAN fron Bee EX "Wes HANG 


* | 
"WT B * Lom د‎ AAW v LON Aa = ao Wa (aho). Sw 
Y Vo 
LK TT 
Vo 
Alm 
| 
EN 


"s 
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kPa 


kPa 


J/kg-K 


K 
kPa 


2 
cm 


2 
cm 


Problem 13.124 


13.124 A normal shock occurs in the diverging section of a 
converging-diverging nozzle where A = 25 cm? and M = 2.75. Up- 
stream, To = 550 K and po = 700 kPa (abs). The nozzle exit area is 
40 cm, Assume the flow is isentropic except across the shock. De- 
termine the nozzle exit pressure, throat area, and mass flow rate. 


Given: Normal shock in CD nozzle 


Find: Exit pressure; Throat area; Mass flow rate 


Solution: 
The given or available data is: R= 286.9 
k= 1.4 
To 550 
Po 700 
M,= 2.75 
A¡= 25 
Ae= 40 


Equations and Computations (assuming State 1 and 2 before and after the shock): 


kg/m? 
m/s 
m/s 
kg/s 
Po” 284 
7 
cm 
M.= 0.279 
Pe= 269 


M rate = pı ۱ 


Using built-in function Isenp (M,k): 
Po/Pi= 25.14 


Using built-in function IsenT (M,k): 
To /T,= 2.51 


Using built-in function IsenA (M,k): 
A,/A, = 3.34 


Then from the Ideal Gas equation: 


Pi= 0.4433 
Also: C= 297 
So: Vi= 815 


Then the mass flow rate is: 
M rate = 0.904 


For the normal shock: 


Using built-in function NormM2fromM (M,k): 
M= 0.492 


Using built-in function NormpOfromM (M,k) at M ;: 
Po /Por = 0.41 


For isentropic flow after the shock: 


Using built-in function IsenA (M,k): 


A/A; = 6 
But: A= Aı 
Hence: A Ei - 18.44 


Using built-in function IsenAMsubfromA (Aratio,k): 
For: A/A; = 27 


Using built-in function Isenp (M,k): 
Po2/Pe= 1.06 
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Problem 13.125 
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Problem 13.128 [B] 


Pe 


Given: Sur flows through @ Converging - merging no 33/€. Aeh = 3.5 


/ | 
PE nc Pe 


To 
Pa 


1 


ú 


4L = 500 mm? 


Find: FAsas o ¿ack PESSAC ter whieh à normal Shock tert paren 
ne nazaíe, Cue ct Correo diri y nas: Flowrate, 


Solution: Use compressible Hou tuncdan / )ات‎ 


cguahor! E m= P VA‏ و( نه 


ASSL او‎ ٥٣٥د.‎ () Steady Pros B) Dr rn flow at d sehon 
(2) Idea! gas (4) Tsentrapic Except across Shock 


RACAT SAEC lait DEAF within the 522/4 Tor back pressure‏ نم 
tono dons in EDC a sf ^, J£, Z6. ^r^ CATI nac flows, iuith el Hs 22, SI‏ 
fram Fig. € dad Eq) ILa‏ 


M Tp, Po 
0.109 0,95? 99, b k Pas 
2,Po 0.0 375 


From Appendarx غا کت‎ 


Mm, My Pup, 
72.70 0,488 8.780 


us fy = pi bo E pi > 10) Ex (C 03885 2.28) = 33.4 [Pa 
ری‎ 1 


33.4 KPa <p,< 99.4 kPa labs) (for normal stock si roggia) 


Flow 4 choked vo ag hot Hairs regine , 725 


Moa Ve Ag Bum Re i ے‎ (D. S283) 1.01» 105%, kg +k / 0.775 


ET. m* 282 Alim 15, 2.233) 299 m 


Ye = Q = KET =fr. T Be e. £523) 28 K, EL ef Bit me. 
ملو‎ 


m = ۵775 EP, 3H £2 S00 mm™ m* — Quz) 
موم‎ " oe mmp” cs 


7 fon: Po = 99 & kth (abs) 
© Pb = 33.4 ki (Abs) 


y 
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Problem 13.129 


ven: Con verg ne - cfi vergas 1033 16 With Ae Ap =/ 432, NES GE 7o 
dperate at atmospheric pressure At the exit plane, 


Find: Ranges of stagnation pressure for whith noygre Will be free 


Use Compress ibio Flow tables i Solucion, 


fram Shoctes, 


ASSUME flow in ٥٥2) 15 GeaTrog e hen Shecie- fret, 


/, 633 


LGS? 
2.570 


Af 


ram A ال مهوم‎ El and Ei t. 6, 
M Pibe 


1.4% 0. /3b0 
6.32 O, Fose 
0. ها‎ à.£*56 
ert odes Ni cono thers vide 0 1.46 , Ama 
5 رس ره‎ = 01 Ke 943 kia (abs) 
k ole 0,1360 


Ey iteratian, then the gne arca sake corresponds Ye entropie choked 
رل مز‎ Lurth Me = 0,388 and (Plbo je = 06,9014, The Corre spar vg 


STAGIAR O Qr@LSler€ دا‎ 


y = Pe = 101 kia, -= 112 & Pe (abs) 
Cale 0.9014 


Safran : 


Flow ui be Isentrmpie And shock- frek fir 


(A) Faim < fp < 12 KÊ (abs) (0 < Me < 0.399) 


Lo 


(b) o> 743 kHL(Abs) | (Me = 1.16) 


The Corres ponding 7s diagrams are ! 
fo = ı12 kabs) 


ey To? 148 Kf, (abs) 
Allowable 


POANGE 
of MD fatm 
Stag nao, 
(p ۳٣5م‎ 
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| 


(ag - AEG ING noggie, Ae [Ag = / 87, 


| Problem IB 130 | 


Given: Air flow through a Converg 


A te = 40 هکم‎ 


To = 240° 


بتاکم 100 


i 


Po 


Find; Math number and How Velocity in exit plane, 


10:6 
42.0 


0,5266 6.1060 
^» o Fg "ATTE ^) 


Solution: “Use compress (le flows aL BAS 42 Solution , ASSUME ideal gas, | 
For isentropie flow through the nozzle to Ae [A = 1.87, from fig, 


ya Po 7 (osia) 


M 


2,12 
n0,33 


Neither of these condihons matches the back pressure. Check. the case 


of à Shock (at Mza 2,12) In the exit plane, From Appendix زک‎ 


Ma Tus, 
0.5593 5,077 


M 


1 


2.12 


Then by = 5.077 py = SOTI (0.6 psia) = 55,8 psia, 


The back pressure sf 40 psia. is therefore between the design 
Pressure and the pressure that would Exist downstream from Cu 


norma! Shock in the exit plant. The flou is (0 regime J of Fig, 12.20: 


SUPEISOOIS 11 thé exit Plane with External compression, Thus 


2,12 


Me = My = 


Ve = Mele = Me YKRTe 


T 


To 


The Ts diagram is 


Me 
| 
Te, P T Ta = ۵۰ ۶ bb (bo ې‎ 240). - 369% 
o + 
Ve = dit 53.3 bf « اک‎ e, $2.2 lem „Slug [2 2000 fe 7 
lom h slug چي۴ظ۵/‎ s | 
Po, fe, EE EE 
To 
i 
| 
١۱ Bp = 90s. 


© Pe = /٥ ٥ psia 


رلم 
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Perle. = SE NER MS TRA کې‎ 


For WA = OW, نو ووه ې‎ à و ځیه‎ os Ss ووه د‎ Y 


hen Aa lat = \om \ 2 agg = sS 
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RAS. Ba les = Uen, Cron Wee Et C Fa Es and, = ei ee هی‎ BAS 
i AS Nas DIAS Com Nee. NL era = SOS» 


: Ves Res TEA Pia i 
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| Lo, Re 2s 
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Lo. T d به‎ AY 
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Problem 13.132 [4] 


Given! Flow through A Gonverging - averging (1033 le,p,-p* 


End: Sketch la) mass FlOw rate vs. Prt bure ratio 
(b) Pressure VS. distance Along 56 
(e) Ts drag ren 


and A SHOCK will STO Av p The diverging ۶ hon. 


http://librosysolucionarios.net 


So luton: When Pp PS Flow مر‎ The 0033/6 Will bE ول‎ ktd 


aid 


—- 


Problem 13.133 
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Redden 83434 e 


Gen. ه٢‎ ipd Sas c as Res a ux: ÚS 
poe vss e INA ^ خو عسټ‎ Qo LON ES 


RoT Mosi NS 
No reo WX 


"c 
Finds وواد‎ RS SIS CL We | 
مشل‎ >, | 
Ceo sse Gow fonctions Regerdix®) Me شم عا‎ edition | 
و دو‎ ; Ec که‎ Gas BunGorn has A eS sinon 


GN SIK des SS were Ses Exc uoces ماد‎ 


Fee WEB. | fron mpenda SN. Ss ه.ه‎ CS = ak 
x adas MS 2 8 zN WAS وو‎ PES 


Voc و‎ Xo Kon Negritas کي مې‎ OSS ې‎ e 
Pos (R= 0032838 د‎ os se NS Go, سک‎ 

| چا ےم‎ sso دک د‎ HOR ES 

| 

> په مکو‎ = Vo N 

03243 یا " اوا کم u‏ مې eE‏ بد SaS, m‏ سا 


که MEN‏ هچک ه - Sa75,%‏ 


Ar 


os 


* 5 i. | 
BL MLE ONS, Gon See SS Malais Laa Re ASA اک‎ َ 


WL eal DAN = EA E Ni Trov Wer EA اه‎ o Nes 
We Q .3V>\ | SNe. 


The actual exit t Mach umber Would be 
higher than the estimate based on isentropic * 
flow downstream from the shock. 


_ Flow downstream from the shock is sub- 

_ sonic. Flow slows in the diverging passage, 
which acts as a subsonic diffuser, causing 
pressure to increase in the direction of flow. 


E 


The result will be rapid growth of boundary layers on the channel walls. The boundary layers 
سا‎ reduce the effective flow area of the passage. Because the boundary layers thicken rapidly, the 
| area ratio for slowing the flow will be less than for isentropic flow. Therefore the actual flow 
will not slow as much as the isentropic model predicts. 


The actual exit Mach number will be higher than the estimate based on isentropic flow. 
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Problem *13.135 


Open-Ended Problem Statement: A supersonic wind tunnel must have two throats, with the 
second throat larger than the first, Explain why this must be so. 


Discussion: The first throat is located in the supersonic nozzle from which flow enters the test 
section. The second throat is located in the supersonic diffuser that slows flow leaving the 
test section to subsonic speed for re-compression and re-circulation. 


The second throat must be larger than the first for two reasons. First, it is impossible to slow a 
real flow to a Mach number of exactly one in a supersonic diffuser. The minimum Mach number 
that can be achieved with stable flow is about M — 1.3. Therefore even if the flow were 
isentropic everywhere the second throat would have to be larger than the first by the area ratio 
A/A* corresponding to M = 1.3 at the throat. 


The second reason is that flow is not isentropic through the tunnel. Some friction exists, which 
must reduce the stagnation pressure of the flow stream. This also reduces the stagnation density. 
Therefore a larger area is needed to carry the mass flow at any given flow speed. 


For these reasons the second throat area must be larger than the first throat area. 
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Problem 7 4 


Even | Flaw twh Shock iA ١/۸5 لل‎ COASRRAF - ee 


T= GLEK "n 2 f 
15,7 8 er HE 
M, = 2.08 


= 388 E My = 4,0 
Find: (a) Speed متا‎ Shock, Vi. 


(b) Entropy change, A, ~4,. 
Solution: Use functors fre Stacy, one-dimensional compressible Plow, 


Computing equa hens: EN from Se atop rc Func hos ) Append i - 
75 


۵ from Fanm-=li10e funcihons (Appendix E.2) 
+ 


Y Assumptions: (N Steady fiou ` Fane line Flow 
i (ty Uniform Flow at fash cross-section (8) FB, =0 


(6) 43 =0 


Thes 


_ bb8°R 


uw BORA‏ بت 
0,5433 


@) local gas 


Fire adiabane flow on Fano fire Ae de M&S Shock, 1 “Constant. Aj 
¿5433 (Eg, 111b), 


M, = 2.88, TJ =0 


15:8 um 


(Tin), 


3882 F (fuse) L = FEA 0,6894 and M =). le E, 
1 7 شب‎ D t , = 1.50 (Table ۰7 


L 
M, = Mz = دل‎ = | 53.34 PER, ee sia 3 
Dm, E A 


Using 2و‎ 


V, = 2/50 ftis 


Flow mast Stay on the same Fann line, Thus تم‎ ( =/7b0 at M=2.0S 
(Eg. i2, 18e), Thus 


| z Por ZE ; + 
pU Ala, oo ات ون د د‎ 


From the مخااتّ‎ eg uahen 


Tda =dh-vdp ; de = Co W- Rdp 
۵ E 


Tai Th, 


3 zt bus Gee ځا‎ Bra _ 
Gr 1)* T o 


i j Thes problem ole le be doloe without Usina functors bir ‘the selutian } 
Woda سرو‎ more ٩500٨ net | 


Ad = = 0.0388 Btu liben t 


Problem 13.138 [3] 


13.138 Show that as the upstream Mach number approaches 
infinity, the Mach number after an oblique shock becomes 


1 


| k-1 


Ms ~ مج‎ 
1 V 2151117) — 0) 
Given: Normal shock 
Find: Approximation for downstream Mach number as upstream one approaches infinity 
Solution: 
2 
E د‎ "in eg , 
Basic equations: Mop = EV. 4 (13.48a) M», = M>'sin(f - 0) (13.47b) 
SLT > 
is : Man 
Combining the two equations M; = 6-0 = BO A S 
sin( 8 — sin( 8 — . 2 R 2 
(Rn, = ٢ = 0) 
M, = 
As M; goes to infinity, so does Mın, so 
k-1 
My = Mj = 


2-k-sin(B - 8) 
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(13.48d) 


Problem 13.139 


13.139 Supersonic air flow at M, = 2.5 and 80 kPa (abs) is de- 
flected by an oblique shock with angle f = 35°. Find the Mach 
number and pressure after the shock, and the deflection angle. 
Compare these results to those obtained if instead the flow had 
experienced a normal shock. What is the smallest possible value 
of angle f) for this upstream Mach number? 


Given: Data on an oblique shock 


Find: Mach number and pressure downstream; compare to normal shock 


J/kg.K 


kPa 


Solution: 
The given or available data is: R- 286.9 
k- 1.4 
Pit 80 
M,= 2.5 
= 35 
Equations and Computations: 
From M , and p Min= 1.43 
Mi P 2.05 


From M,, and p4, and Eq. 13.48d 
(using built-in function NormpfromM (M ,k)) 


The tangential velocity is unchanged 


Vaz Vo 


Hence Cu Mo = Co Mo 
my Mou = (T2) Me 
My = (T/Tj^ Mu 


From M,,, and Eq. 13.48c 
(using built-in function NormTfromM (M ,k )) 


TJT,- 1.28 


Hence 1/1 ږ‎ 1.81 
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Also, from M,,, and Eq. 13.48a 
(using built-in function NormM2fromM (M,k)) 


> 2 
Mi + 
2 a k-—] 
۸4: = ->p (13.48a) 
— Mi -1 
M»,= 0.726 
The downstream Mach number is then 
M,=(M 2 * Ma)” 


Finally, from geometry 
Va = Vosin(ß - 0) 


Hence 0-p- sin (V V >) 


or 0= p - sin (M 5M 2) 


For the normal shock: 
From M, and p,, and Eq. 13.48d 


(using built-in function NormpfromM (M ,k)) 


Also, from M,, and Eq. 13.48a 
(using built-in function NormM2fromM (M ,k)) 


^- MEN 


For the minimum f: 
The smallest value of § is when the shock is a Mach wave (no deflection) 


B = sin (1/M ,) 


با 
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Problem 13.140 


13.140 Consider supersonic flow of air at M, = 3.0. What is the 
range of possible values of the oblique shock angle f? For this 
range of Û, plot the pressure ratio across the shock. 


Given: Oblique shock in flow at M = 3 


Find: Minimum and maximum f, plot of pressure rise across shock 


Solution: 
The given or available data is: R= 286.9 J/kg .K 
k= 1.4 
M, = 3 


Equations and Computations: 


The smallest value of f is when the shock is a Mach wave (no deflection) 
B = sin (1M) 
MEN 

The largest value is B= 9000” 


The normal component of Mach number is 
Mn = M,sin(B) (13.47a) 


For each B, p;/p, is obtained from Min, and Eq. 06 
(using built-in function NormpfromM (M ,k)) 


P_2 yp 1 (13.48d) 
n k+1 In k+1 
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Computed results: 


Pressure Change across an Oblique Shock 


12.5 - 


10.0 - 


p lp i 


0 30 60 90 
pO 
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Problem 13.141 


13.141 The air velocities before and after an oblique shock are 
1250 m/s and 650 m/s, respectively, and the deflection angle is 
0 = 35°. Find the oblique shock angle fj, and the pressure ratio 
across the shock. 


Given: Velocities and deflection angle of an oblique shock 


Find: Shock angle f; pressure ratio across shock 


Solution: 
The given or available data is: R= 286.9 J/kg.K 
k= 1.4 
Vi= 1250 m/s 
V,= 650 m/s 
0- 35 Bl 


Equations and Computations: 


From geometry we can write two equations for tangential velocity: 


For Vi V= Vicos(p) 
For V4 Vax = V5cos(p - 0) 
For an oblique shock V 5, = V, so Eqs. 1 and 2 give 


V ¡cos(B) = V ;cos(p - 0) 


Solving for p B = tan (V, - V »cos(0))/(V ;sin(0))) 


i-r 


(Alternatively, solve Eq. 3 using Goal Seek !) 
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For p »/p ¡, we need M ,, for use in Eq. 13.48d 


2 -—y? -= (13.480) 


We can compute M , from 0 and f, and Eq. 13.49 
(using built-in function Theta (MP, k)) 


2cot Bl Mi sin’ 8 -1] 
tan 0 = ————————— (13.49) 
M 1 (k + cos 2B) + 2 


For 0= 35.0 
B= 62.5 E 
M,= 3.19 


This value of M , was obtained by using Goal Seek : 
Vary M , so that 0 becomes the required value. 
(Alternatively, find M , from Eq. 13.49 by explicitly solving for it!) 


We can now find M ,, from M ,. From M , and Eq. 13.47a 
M n = M;sin(B) (13.47a) 


Hence 1/1 ې‎ = 2.83 


Finally, for p »/p ,, we use M ,, in Eq. 13.48d 
(using built-in function NormpfromM (M ,k) 


pap: = MS 
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Problem 13.142 


13.142 The temperature and Mach number before an oblique 
shock are T, = 10°C and M, = 3.25, respectively, and the pres- 
sure ratio across the shock is 5. Find the deflection angle, 0, the 
shock angle, fj, and the Mach number after the shock, M3. 


Given: Data on an oblique shock 


Find: Deflection angle 0; shock angle $; Mach number after shock 


Solution: 
The given or available data is: R= 286.9 J/kg.K 
k= 1.4 
M,= 3.25 
T= 283 K 
P2/p1= 5 


Equations and Computations: 


From p 2/p ,, and Eq. 13.48d 
(using built-in function NormpfromM (M ,k) 
and Goal Seek or Solver ) 


Pr o 2k 2 (13.48d) 


For P2/p,= 5.00 


From M , and M ,,, and Eq 13.47a 
M n = Mysin(B) (13.47a) 


p.m 


From M , and f, and Eq. 13.49 
(using built-in function Theta (M ,p, k) 


2 cot plm? sin? 8 -1) 


tan | = - (13.49) 
M1 (k + cos 2B) + 2 
To find M ; we need M ;,. From M ,,, and Eq. 13.48a 
(using built-in function NormM2fromM (M ,k )) 
Mj, + 
Mj == (13.482) 
— M 1,7 1 
b l n" 
M7 0.561 
The downstream Mach number is then obtained from 
from M »,, 0 and B, and Eq. 13.47b 
Man = M;sin( - 0) (13.47b) 


http://librosysolucionarios.net 


Problem 13.143 [4] 


13.143 An airfoil at zero angle of attack has a sharp leading 
edge with an included angle of 20”. It is being tested over a range 
of speeds in a wind tunnel. The air temperature upstream is main- 
tained at 15°C. Determine the Mach number and corresponding 
air speed at which a detached normal shock first attaches to the 
leading edge, and the angle of the resulting oblique shock. Plot 
the oblique shock angle Û as a function of upstream Mach number 
M,, from the minimum attached-shock value through M, = 7. 


Given: Airfoil with included angle of 20° 


Find: Mach number and speed at which oblique shock forms 


Solution: 
The given or available data is: R= 286.9 J/kg.K 
k= 1.4 
T= 288 K 
0= 10 : 
Equations and Computations: 50 


40 F 


Increasing Mach 
number, M, 


30 


20 


Deflection angle, 6(deg) 


0 : ——30 60 90 
Shock angle, B (deg) 
Fig. 13.29 Oblique shock deflection angle. 


From Fig. 13.29 the smallest Mach number for which an oblique shock exists 
at a deflection 0 = 10° is approximately M , = 1.4. 


By trial and error, a more precise answer is 
(using built-in function Theta (MP, k) 


B= i 
10.00 


A suggested procedure is: 
1) Type in a guess value for My 


2) Type in a guess value for f 
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3) Compute 0 from Eq. 13.49 
(using built-in function Theta (M,P, k)) 


2 cot Bl M? sin? B - 1] 


Mi (k + cos 2B) + 2 ee 


tan Û = 


4) Use Solver to maximize 0 by varying p 
5) If 0 is not 10°, make a new guess for M, 


6) Repeat steps 1 - 5 until 0 = 10° 


Computed results: 


0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
[ $0 | 176 | mo | 00% 
0.0% 


Sum[ 00% | 


To compute this table: 

1) Type the range of M , 

2) Type in guess values for p 

3) Compute 0 from Eq. 13.49 
(using built-in function Theta (M ,, k) 

4) Compute the absolute error between each 0 and 0 = 10° 

5) Compute the sum of the errors 

6) Use Solver to minimize the sum by varying the § values 
(Note: You may need to interactively type in new p values 
if Solver generates p values that lead to no 0, to 
p values that correspond to a strong rather than weak shock) 


Oblique Shock Angle as a Function of 
Aircraft Mach Number 


N 

o2 
SoA 
U1 
o 
N 
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Problem 13.144 [4] 


13.144 An airfoil has a sharp leading edge with an included 
angle of 6 = 60°. It is being tested in a wind tunnel running at 
1200 m/s (the air pressure and temperature upstream are 75 kPa 
and 3.5°C). Plot the pressure and temperature in the region adja- 
cent to the upper surface as functions of angle of attack, o, ranging 
from x = O° to 30°. What are the maximum pressure and 
temperature? (Ignore the possibility of a detached shock develop- 
ing if » is too large; see Problem 13.145.) 


Given: Airfoil with included angle of 60° 


Find: Plot of temperature and pressure as functions of angle of attack 


Solution: 
The given or available data is: R= 286.9 J/kg.K 
k= 1.4 
T= 276.5 K 
P= 75 kPa 
Vig 1200 m/s 
b= 60 1 
Equations and Computations: 
From T, C= 333 m/s 
Then M,= 3.60 


Computed results: 


PO 


264 97 
39 
B5 
35 
B8 
m 
04 
67 
33 
02 
74 
49 
26 
07 
75 


80 | 80 | 00% | 136 | 
اچ‎ | so | om% | 126] 
٢ 26 | 26 | o% | 19 | —9 —] 
~ o | 00 | o% | 100 | 7s | —3 — 


sum: OE] — Me مضه‎ 


5 
5 
4 
4 
3 
3 
3 
2 
2 
2 
1 
1 
1 
1 


[ 160 | 160 | 00% | 17 | %7 _| 
[140 | mo | 0% | 167 | 23] 


T 2 
3 
3 
2 
2 
2 
19 
1 
14 
1 
10 
8 
4 
3 
1 


0 
57 
21 
87 
55 
26 

8 
72 

8 
25 

4 

4 
9 
3 
8 
3 
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To compute this table: 

1) Type the range of a 

2) Type in guess values for B 

3) Compute Oneedea from 0 = 9/2 - a 

4) Compute 0 from Eq. 13.49 
(using built-in function Theta (M ,, k) 

5) Compute the absolute error between each 0 and Oneeded 

6) Compute the sum of the errors 

7) Use Solver to minimize the sum by varying the B values 
(Note: You may need to interactively type in new B values 
if Solver generates p values that lead to no 0) 

8) For each a, M ,, is obtained from M ,, and Eq. 13.47a 

9) For each a, p ; is obtained from p ,, M in» and Eq. 13.48d 
(using built-in function NormpfromM (M ,k )) 

10) For each a, T'; is obtained from T ,, M in, and Eq. 13.48c 

(using built-in function NormTfromM (M ,k)) 


Pressure on an Airfoil Surface 
as a Function of Angle of Attack 


0 5 10 15 20 25 30 
a (°) 


Temperature on an Airfoil Surface 
as a Function of Angle of Attack 


0 8 10 15 20 25 30 
a. (°) 
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400 
350 
300 
250 
200 


p ; (kPa) 


T2 (°C) 


[4] 


(13.49) 


Problem 13.145 


13.145 The airfoil of Problem 13.144 will develop a detached 
shock on the lower surface if the angle of attack, , exceeds a cer- 
tain value, What is this angle of attack? Plot the pressure and tem- 
perature in the region adjacent to the lower surface as functions of 
angle of attack, x, ranging from x = 0° to the angle at which the 
shock becomes detached. What are the maximum pressure and 
temperature? 


Given: Airfoil with included angle of 60° 


Find: Angle of attack at which oblique shock becomes detached 


Solution: 
The given or available data is: R- 286.9 J/kg.K 
k= 1.4 
T,= 276.5 K 
Pi 75 kPa 
Vi= 1200 m/s 
ô= 60 : 
Equations and Computations: 
From T, C17 333 m/s 
Then M,= 3.60 


From Fig. 13.29, at this Mach number the smallest deflection angle for which 


an oblique shock exists is approximately 0 = 35°. 


50 
——12 
—---14 
40-|—-— 1.6 
ere ry 18 Increasing Mach 
a ووېم سا‎ number, M, 
3 ——-2.5 
® 30r|—--—3 
$ —-—4 ae aj 1 N NN D 
$5 سي‎ 2 Weak shock | Strong shock 
5 ——-10 ښّ‎ Ba ei: نلا‎ 
= 20 SS 
2 . 
5 e 
à 
10 


Shock angle, $ (deg) 
Fig. 13.29 Oblique shock deflection angle. 


By using Solver , a more precise answer is 
(using built-in function Theta (M ,B, k) 


A suggested procedure is: 
1) Type in a guess value for B 
2) Compute 0 from Eq. 13.49 


(using built-in function Theta (M ,, k)) 


1 2cot B(M? sin? B - 1) 


tan @ = - 
Mi (k + cos 28) + 2 


3) Use Solver to maximize 0 by varying f 


For a deflection angle 0 the angle of attack a is 


a=0-8/2 
a= 


http://librosysolucionarios.net 


30.0 30.0 0.0% ټوب بخ‎ RN RR سر‎ 
31.0 31.0 0.0% 271 
33.0 33.0 0.0% 2.84 
35.5 35.5 0.0% 3.03 
36.0 36.0 à 096 3.08 


36.5 36.5 2 0% 3.13 T 
37.0 37.0 2 0% 3.19 
37.3 37.3 3 096 


Sum: 0.096 Max: 


1) Type the range of a 

2) Type in guess values for B 

3) Compute Oyeedea from 0 = a + 8/2 

4) Compute 0 from Eq. 13.49 
(using built-in function Theta (M ,, k) 

5) Compute the absolute error between each 0 and ههه‎ 

6) Compute the sum of the errors 

7) Use Solver to minimize the sum by varying the B values 
(Note: You may need to interactively type in new f values 
if Solver generates ß values that lead to no 0) 

8) For each a, M ,, is obtained from M ,, and Eq. 13.47a 

9) For each a, p ; is obtained from p 4, M in, and Eq. 13.48d 
(using built-in function NormpfromM (M ,k)) 

10) For each a, T ; is obtained from T1, M ın, and Eq. 13.48c 

(using built-in function NormTfromM (M ,k)) 


Pressure on an Airfoil Surface 
as a Function of Angle of Attack 


2 4 6 8 
a (^) 


Temperature on an Airfoil Surface 
as a Function of Angle of Attack 


a (°) 
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47.1 
48.7 
50.4 
52.1 
54.1 
57.4 
58.1 
58.8 
59.5 
60.4 
61.3 
62.5 
64.4 
65.8 


Computed results: 


0.00 
1.00 
2.00 
3.00 
4.00 
5.50 
5.75 
6.00 
6.25 
6.50 
6.75 
7.00 
7.25 
7.31 


To compute this table: 


1000 4 


900 - 


800 - 


P2 (kPa) 


700 4 


T;(*C) 


Problem 13.146 


13.146 The wedge-shaped airfoil shown has chord c = 1.5 m 
and included angle 6 = 7°. Find the lift per unit span at a Mach 
number of 2.75 in air for which the static pressure is 70 kPa. 


|e =1.5 m—| 
Given: Data on airfoil flight 


Find:  Liftper unit span SS 


Solution: 
The given or available data is: R= 286.9 J/kg.K 
k- 1.4 
P= 70 kPa 
M,= 2.75 
= 7 0 
c= 1.5 m 
Equations and Computations: 
The lift per unit span is 
L=(pL-Puje (1) 


(Note that p; acts on area c /cos(6), but its 
normal component is multiplied by cos(9)) 


For the upper surface: 
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)13.49( 


(13.48d) 


For the lower surface: 


We need to find M ,, 


The deflection angle is 


From M , and 0, and Eq. 13.49 


(using built-in function Theta (M, B,k)) 


2cot B[ M1 sin? B — 1) 


tan Û = - 
M1 (k + cos 28) + 2 


For 


(Use Goal Seek to vary B so that 0 = 8) 


Min= 1.24 


From M , and p 


From M ,, and p ,, and Eq. 13.48d 


(using built-in function NormpfromM (M ,k)) 


P2 _ 2k M2 k —1 
p k+l ^" k+l 
Po= 113 kPa 
PL= P2 
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From Eq 1 


Problem 13.147 


13.147 The wedge-shaped airfoil shown has chord c = 2 m and —c = 1.5 m——4 


angles djower = 15° and dupper = 5°. Find the lift per unit span at a 
Mach number of 2.75 in air at a static pressure of 75 kPa. : 


Given: Data on airfoil flight 


Find: Lift per unit span 


Solution: 
The given or available data is: R= 286.9 J/kg.K 
k= 1.4 
P= 75 kPa 
M,= 2.75 
dy = 5 i 
àp- 15 7 
c= 2 m 
Equations and Computations: 
The lift per unit span is 
L = (pr, -pu)c (1) 


(Note that each p acts on area c /cos(6), but its 
normal component is multiplied by cos(9)) 


For the upper surface: 


We need to find M nw) 


The deflection angle is Oy = Su 


From M , and Ou, and Eq. 13.49 
(using built-in function Theta (M , B,k)) 
2 cot Bl M? sin? B-1 | 


ta 0 = ټسټ‎ A — À 
as Mk +cos28)+2 (349) 


For 05 = 5.00 P 
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(Use Goal Seek to vary By so that Oy = dy) 


From M , and By Miu) = 1.16 


From M ino) and p ;, and Eq. 13.48d 
(using built-in function NormpfromM (M ,k)) 


Mi, -2 (13.48d) 


For the lower surface: 


We need to find M ına) 


The deflection angle is 0; = Or, 


From M , and 6;, and Eq. 13.49 
(using built-in function Theta (M, B,k)) 


For 0 15.00 ° 


(Use Goal Seek to vary p; so that O, = ô) 


From M , and f), Mia = 1.55 


From M ing) and p ;, and Eq. 13.48d 
(using built-in function NormpfromM (M ,k)) 


From Eq 1 L= 183  kN/m 
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Problem 13.148 


13.148 An oblique shock causes a flow that was at M = 4 and a 
static pressure of 75 kPa to slow down to M = 2.5. Find the de- 
flection angle and the static pressure after the shock. 


Given: Oblique shock Mach numbers 


Find: Deflection angle; Pressure after shock 


Solution: 

The given or available data is: k= 1.4 
p1= 75 kPa 
M,= 4 
M;- 2.5 


Equations and Computations: 


We make a guess for p: p- ٧8 77 


From M , and f, and Eq. 13.49 (using built-in function Theta (M, B,k)) 


2cot B[ Mj sin? B— 1) 
no = t dad 
۸11) ٤ + cos 28) + 2 


From M , and f Mi= 2.211 
From M », 0, and B M ح ېږ‎ 0.546 (1) 


We can also obtain M >, from Eq. 13.48a (using built-in function normM2fromM (M ,k)) 


MI + 2 
"ppm LR (13.482) 
k-rMs 7l 
Ma-7 0.546 (2) 


We need to manually change f so that Eqs. 1 and 2 give the same answer. 
Alternatively, we can compute the difference between 1 and 2, and use 


Solver to vary p to make the difference zero 


Error in M >, = 0.00% 


Then p » is obtained from Eq. 13.48d (using built-in function normpfromm (M ,k)) 


1 2 
(13.48d)‏ ودل جح وسو 
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[4] 


kPa 


Problem 13.149 


13.149 The geometry of the fuselage and engine cowling near 
the inlet to the engine of a supersonic fighter aircraft is designed 
so that the incoming air at M = 3 is deflected 7.5 degrees, and 
then experiences a normal shock at the engine entrance. If the in- 
coming air is at 50 kPa, what is the pressure of the air entering the 
engine? What would be the pressure if the incoming air was 
slowed down by only a normal shock? 


Given: Air flow into engine 


Find: Pressure of air in engine; Compare to normal shock 


Solution: 
The given or available data is: k= 1.4 
Pit 50 
= 7.5 


Equations and Computations: 
Assuming isentropic flow deflection 


Po = constant 


Po= Po 


For p o, we use Eq. 13.7a (using built-in function Isenp (M, k)) 


k/(k-1) 
e| (13.72) 


kPa 
kPa 


p 2 

Pò” 1837 

Po2 7 1837 
For the deflection 0= 7.5 


From M , and Eq. 13.55 (using built-in function Omega (M, k)) 


w = m tan”! {Sor -1) |- tan (fM? —1) (355 
k-1 ۱ | | | 
@, = 49.8 2 


(1) 


(Compression!) 


Deflection = ® - 0, = 0(M)) - oM (ل‎ 
Applying Eq. 1 ® = @, - 9 
Mm) = 42.3 


http://librosysolucionarios.net 


From o», and Eq. 13.55 (using built-in function Omega (M, k)) 


For 0) = 42.3 * 
MS 264 


(Use Goal Seek to vary M, so that œ is correct) 


Hence for p ; we use Eq. 13.7a 


(using built-in function Isenp (M , k)) 
P2= P o2/(P oyp 2) 
P2= 86.8 kPa 
For the normal shock (2 to 3) M,= 2.64 
From M, and p », and Eq. 13.41d (using built-in function NormpfromM (M ,k)) 


Ik 1 T 
pj. 2k qo k-! (13.41d) 
p k+l k+l 


For slowing the flow down from M , with only a normal shock, using Eq. 13.41d 


p =S a 
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Problem 13.150 [3] 


13.150 Air flows isentropically at M = 2.5 in a duct. There is a 
7.5° contraction that triggers an oblique shock, which in turn re- 
flects off a wall generating a second oblique shock. This second 
shock is necessary so the flow ends up flowing parallel to the 
channel walls after the two shocks. Find the Mach number and 
pressure in the contraction and downstream of the contraction. 
(Note that the convex corner will have expansion waves to re- 
direct the flow along the upper wall.) 


Given: Air flow ina duct 


Find: Mach number and pressure at contraction and downstream; 


Solution: 
The given or available data is: k= 1.4 
M,= 2.5 
= 75 i 
Pı” 50 kPa 


Equations and Computations: 


For the first oblique shock (1 to 2) we need to find f from Eq. 13.49 


2 cot B(M? sin? fi — 1) 
M?(k + cos 28) + 2 


(13.49) 


tan 0 = 


We choose f by iterating or by using Goal Seek to target 0 (below) to equal the given 0 
Using built-in function theta (M, B,k) 


Then M ,, can be found from geometry (Eq. 13.47a) 
M,,= 1.233 


Then M >, can be found from Eq. 13.48a) 
Using built-in function NormM2fromM (M,k) 


M2, =f(M,,) (13.48a) 
Mp» = 0.822 


Then, from M p, and geometry (Eq. 13.47b) 


m- ۱8919 
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From M ;, and Eq. 13.48d (using built-in function NormpfromM (M ,k)) 


P2 -fi Ma, ١ (13.48d) 
| : 


Popi= Pressure ratio 
P2= 


We repeat the analysis of states 1 to 2 for states 2 to 3, to analyze the second oblique shock 


We choose p for M by iterating or by using Goal Seek to target 0 (below) to equal the given 0 
Using built-in function theta (M, B,k) 


0- 7.50 ? 
x 33.5 ? 


Then M >, (normal to second shock!) can be found from geometry (Eq. 13.47a) 
1/1 ېږ‎ 1.209 


Then M 4, can be found from Eq. 13.48a) 
Using built-in function NormM2fromM (M,k ) 


Ms, = 0.837 


Then, from M », and geometry (Eq. 13.47b) 


M: = 


From M „ and Eq. 13.48d (using built-in function NormpfromM (M ,k)) 


P3/Po= Pressure ratio 
P3= 
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[3] 


Problem 13.151 


13.151 A flow at M = 2.5 is deflected by a combination of inter- 
acting oblique shocks as shown. The first shock pair is aligned at 
50° to the flow. A second oblique shock pair deflects the flow again 
so it ends up parallel to the original flow. If the pressure before any 
deflections is 50 kPa, find the pressure after two deflections. 


NOTE: Angle is 30° not 50°! 


Given: Air flow ina duct 


Find: Mach number and pressure at contraction and downstream; 


Solution: 
The given or available data is: k= 1.4 
M,= 2.5 
= 30 i 
P17 50 kPa 


Equations and Computations: 


For the first oblique shock (1 to 2) we find 0 from Eq. 13.49 
2 cot B(M? sin? fj — 1) 


tan 0 = 
an" Mk + cos 2p) + 2 


Using built-in function theta (M, B,k) 


Also, M ,, can be found from geometry (Eq. 13.47a) 
Mi = 1.250 


Then M >, can be found from Eq. 13.48a) 
Using built-in function NormM2fromM (M,k ) 


M», = f (Mi) 


Ma- 0.813 
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From M ;, and Eq. 13.48d (using built-in function NormpfromM (M ,k)) 


P2 -fi M, (13.48d) 
| : 


Popi= Pressure ratio 
P2= 


We repeat the analysis for states 1 to 2 for 2 to 3, for the second oblique shock 


We choose f for M by iterating or by using Goal Seek to target 0 (below) to equal the previous 0 
Using built-in function theta (M, B,k) 


0- 7.99 i 
x 34.3 ? 


Then M >, (normal to second shock!) can be found from geometry (Eq. 13.47a) 
M7 1.22 


Then M 4, can be found from Eq. 13.482) 
Using built-in function NormM2fromM (M,k ) 


Ms, = 0.829 


Then, from M », and geometry (Eq. 13.47b) 


M: = 


From M „ and Eq. 13.48d (using built-in function NormpfromM (M ,k)) 


0 0/ږ‎ Pressure ratio 
P3= 
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Problem 13.152 [3] 


13.152 Air flows at Mach number of 1.5, static pressure 95 kPa, 
and is expanded by angles 0, = 15* and 0, = 15^, as shown. Find 
the pressure changes. 


Given: Deflection of air flow 


Find: Pressure changes 


Solution: 

The given or available data is: R- 286.9 J/kg.K 
k= 14 
p= 95 kPa 
M= 1.5 
0, = 15 : 
0, = 15 2 


Equations and Computations: 


We use Eq. 13.55 


w = - is tan || — — (M? -10 |- tan™!| 4M? — 1 | (13.55) 
E E " | | | 


and 
Deflection = ®, - ® = O(M a) - M») (1) 
From M and Eq. 13.55 (using built-in function Omega (M, k)) 
o= 11.9 ° 
For the first deflection: 


Applying Eq. 1 


0, = 0-0 
Mm = 0,+0 
01 em 26.9 E 


From o, and Eq. 13.55 
(using built-in function Omega (M , k)) 
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For o = 26.9 E 


Mi= 202 
(Use Goal Seek to vary M , so that œ; is correct) 


Hence for p , we use Eq. 13.7a 


" k — 1 : Kk(k-1) 
£0 = | + d (13.7a) 


The approach is to apply Eq. 13.7a twice, so that 
(using built-in function Isenp (M , k)) 


P1 = p(pop)K(ppobp:) 


For the second deflection: 


We repeat the analysis of the first deflection 


Applying Eq. 1 


0, + 0, = 0-0 
œ= 0,+0,+0 
0) = 41.9 j 


(Note that instead of working from the initial state to state 2 we could have 


worked from state 1 to state 2 because the entire flow is isentropic) 


From 0», and Eq. 13.55 
(using built-in function Omega (M, k)) 


For © = 41.9 : 


262 ته 


(Use Goal Seek to vary M, so that œ is correct) 


Hence for p » we use Eq. 13.7a 
(using built-in function Isenp (M, k)) 


P2= p(pop)Kp o/P 2) 


http://librosysolucionarios.net 


Problem 13.153 [3] 


13.153 Find the incoming and intermediate Mach numbers and 
static pressures if, after two expansions of 0, = 15° and 0, = 15°, 
the Mach number is 4 and static pressure is 10 kPa. 


Given: Deflection of air flow 


Find: Mach numbers and pressures 
Solution 
The given or available data is: - 286.9 J/kg.K 
- 1.4 
Bj 10 kPa 
M; = 4 
0,7 15 ? 
0, = 15 : 


Equations and Computations: 


We use Eq. 13.55 


w = Lan! — ur =1) |- tan! ( fi? -1] (13.55) 
1 E 4 - | \ j 


Deflection = O, - © = oM a) - o(M ل‎ (1) 


and 


From M and Eq. 13.55 (using built-in function Omega (M, k)) 
® = 65.8 
For the second deflection: 


Applying Eq. 1 


From @,, and Eq. 13.55 
(using built-in function Omega (M, k)) 


For ® = 50.8 i 


Mi=| 30 


(Use Goal Seek to vary M , so that œ; is correct) 
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Hence for p ¡ we use Eq. 13.7a 


n: k-1 ` ki(k-1) 
=-=- | += Ld (13.7a) 


0 de 
i 


The approach is to apply Eq. 13.7a twice, so that 
(using built-in function Isenp (M, k)) 


P1= P2(P o/P 2)/(P o/P 1) 


For the first deflection: 
We repeat the analysis of the second deflection 
Applying Eq. 1 
0, + 0, = 0-0 
= 0, - (0, + 91) 


o= 35.8 : 


(Note that instead of working from state 2 to the initial state we could have 


worked from state 1 to the initial state because the entire flow is isentropic) 


From 0, and Eq. 13.55 
(using built-in function Omega (M, k)) 


For ® = 35.8 1 


(Use Goal Seek to vary M so that 0 is correct) 


Hence for p we use Eq. 13.7a 
(using built-in function Isenp (M, k)) 


P = pxpop (pop) 


«- d e: 
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[4] 


(13.49) 


(13.48d) 


Problem 13.154 


13.154 Compare the static and stagnation pressures produced by 
(a) an oblique shock and (b) isentropic compression waves as they 
each deflect a flow at a Mach number of 3.5 through a deflection 
angle of 35° in air for which the static pressure is 50 kPa. 


Given: Mach number and deflection angle 


Find: Static and stagnation pressures due to: oblique shock; compression wave 


Solution: 
The given or available data is: R= 286.9 J/kg .K 
k= 1.4 
pi= 50 kPa 
M 1 = 3.5 
= 35 : 
Equations and Computations: 
For the oblique shock: 
We need to find M ın 
The deflection angle is 0- 35 ? 


From M , and 0, and Eq. 13.49 
(using built-in function Theta (M, B,k)) 


2 cot B(Mî sin? B -1 | 


tang = —————— 
Mi (k + cos 28) + 2 


For 0= 35.0 


(Use Goal Seek to vary f so that O = 35°) 
From M , and p 11 = 2.94 


From M ,, and p ,, and Eq. 13.48d 
(using built-in function NormpfromM (M ,k)) 


n k+1 
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To find M, we need M>,. From M n, and Eq. 13.48a 
(using built-in function NormM2fromM (M ,k)) 


k (13.48a) 
My, 71 
M B 


The downstream Mach number is then obtained from 
from M »,, 0 and f, and Eq. 13.47b 


M = M;sin(p - 0) (13.47b) 
Hence 


m= 9 


For p o; we use Eq. 12.7a 


(using built-in function Isenp (M , k)) 


k-1 


5 k/(k-1) 
= m? (13.7a) 


Po = P 2/(P o2/P 2) 


P= 186 — kPa 
For the isentropic compression wave: 
For isentropic flow 


Po= constant 


Po = Po 
For p o, we use Eq. 13.7a 


(using built-in function Isenp (M, k)) 


(Note that for the oblique shock, as required by Eq. 13.48b 


1 


K(k- 1) 
k+1 . ¬ 
Mi 
2 n 
= a 
0 1+ - 57 Mī, 
ې‎ - (13.48b) 
Po 2k ۸ k-1 Ik- 1) 
1 ه٢ د‎ k 
E ln — 
P o2/P 01 = 0.345 


(using built-in function NormpOfromM (M ,k) 
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Po/Po= 0.345 
(using p o» from the shock and p o1) 


For the deflection 0= -0 (Compression ) 
0- -35.0 z 


We use Eq. 13.55 


-1( |- tan™!( 4M? -1 | (1355) 


and 
Deflection = 6» - ېن‎ = eM) - A(M i) (1) 


From M , and Eq. 13.55 (using built-in function Omega (M , k)) 


o = 58.5 ې‎ 
Applying Eq. 1 m= @, + 8 

@ = 23.5 ° 
From o», and Eq. 13.55 
(using built-in function Omega (M, k)) 
For @ = 23.5 : 


(Use Goal Seek to vary M, so that œ = 23.5°) 


Hence for p » we use Eq. 13.7a 
(using built-in function Isenp (M , k)) 


P2= Po2!(P o2/P 2) 
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Problem 13.155 [3] 


13.155 Consider the wedge-shaped airfoil of Problem 13.146. k— c = 1.5 m——1 
Suppose the oblique shock could be replaced by isentropic com- 


pression waves. Find the lift per unit span at the Mach number of CN 
2.75 in air for which the static pressure is 70 kPa. 


Given: Wedge-shaped airfoil 


Find: Lift per unit span assuming isentropic flow 


Solution: 
The given or available data is: R= 286.9 J/kg .K 
k= 1.4 
p= 70 kPa 
M 2.75 
6 = 7 j 
c= 15 m 
Equations and Computations: 
The lift per unit span is 
L = ٢ول‎ (1) 


(Note that p , acts on area c /cos(6), but its 
normal component is multiplied by cos(9)) 


For the upper surface: 


For the lower surface: 


We use Eq. 13.55 
w = ۸ tan Ë : 1A -1) |- tn (dm? 1) 359) 
م‎ \ c+ } \ j 


Deflection = o, - © = (Mj) - e(M) (2) 


and 
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From M and Eq. 13.55 (using built-in function Omega (M, k)) 


o= 44.7 : 
Applying Eq. 2 
0= O, - © 
O = 0*0 
o = 37.7 2 
From oy, and Eq. 13.55 
(using built-in function Omega (M, k)) 
For Or, = 37.7 E 


(Use Goal Seek to vary M, so that o, is correct) 


Hence for p ¡ we use Eq. 13.7a 


0 k=l , ki(k-1) 
a- [ _- اى"‎ (13.7a) 


The approach is to apply Eq. 13.7a twice, so that 
(using built-in function Isenp (M, k)) 


PL= ٣) ال‎ Y o/P 1) 


From Eq 1 L=\ 647 ۹0 
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0) 


(2) 


(13.49) 


(13.48d) 


2cot B(M} sin? B -1 


Problem 13.156 


13.156 Find the lift and drag per unit span on the airfoil shown 
for flight at a Mach number of 1.75 in air for which the static pres- 
sure is 50 kPa. The chord length is 1 m. 


Given: Mach number and airfoil geometry 
Find: Lift and drag per unit span 


Solution: 


The given or available data is: 


pi^ 50 kPa 
M,= 1.75 
= 18 2 
c= 1 m 
Equations and Computations: 
The net force per unit span is F = (p1 -puje 


Hence, the lift force per unit span is 
L = (p, -pujecos(a) 


The drag force per unit span is 
D = (pL-Pujesin(a) 


For the lower surface (oblique shock): 
We need to find M ın 


The deflection angle is 


From M , and 0, and Eq. 13.49 
(using built-in function Theta (M , B,k)) 


tan @ = - 
M1(& + cos28) + 2 


For 0- 18.0 E 


(Use Goal Seek to vary B so that 0 is correct) 
From M , and p 


From M ,, and p ,, and Eq. 13.48d 
(using built-in function NormpfromM (M ,k)) 


- M? -—— 
p k+l ^" k+l 
P= 1332 kPa 
Pi P2 
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For the upper surface (isentropic expansion wave): 
For isentropic flow Po = constant 
Po2 7 Por 


For po, we use Eq. 13.7a 
(using built-in function Isenp (M, k)) 


p k=1 VED 
2 - [ war (13.72) 


Po = 266 kPa 


For the deflection 0= a (Compression ) 


We use Eq. 13.55 


k+1 af ٣-1 در‎ | ET 7 
w = pun '| - (M*-D [^ tan !| -1| (13.55) 


k- \¥k+1 


and 
Deflection = 07-01 = 0(M)) - e(M ;) (3) 


From M , and Eq. 13.55 (using built-in function Omega (M, k)) 


o= 19.3 : 
Applying Eq. 3 @ = @, +0 
۵2 = 37.3 


From o», and Eq. 13.55 (using built-in function Omega (M, k)) 


For 0) = 37.3 6 


اادد په 
(Use Goal Seek to vary M ; so that c» is correct)‏ 


Hence for p ; we use Eq. 13.7a 
(using built-in function Isenp (M, k)) 


P2= Po2!(P o2/P 2) 


From Eq. 1 L- |. 1100 — kN/m 
From Eq. 2 D- | 857 — kN/m 
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Problem 13.157 


13.157 Plot the lift and drag per unit span, and the lift/drag ratio, 
as functions of angle of attack for x — 0° to 18°, for the airfoil 
shown, for flight at a Mach number of 1.75 in air for which the 
static pressure is 50 kPa. The chord length is 1 m. 


Given: Mach number and airfoil geometry 
Find: Plot of lift and drag and lift/drag versus angle of attack 
Solution: 


The given or available data is: 


k= 1.4 
pi^ 50 kPa 
M,= 1.75 
a= 12 s 
c= 1 m 


Equations and Computations: 
The net force per unit span is 
F = (p-p (۴ 
Hence, the lift force per unit span is 
L = (p, -puJecos(a) [e 
The drag force per unit span is 
D = (pL-Pujesin(a) (2) 
For each angle of attack the following needs to be computed: 
For the lower surface (oblique shock): 
We need to find M in 
Deflection 0= a 


From M , and 0, and Eq. 13.49 
(using built-in function Theta (M, B,k)) 


2cot B[ MT sin’ B — 1) 


tan | = - - (13.49) 
M1 (k + cos 2B) + 2 
find B 
(Use Goal Seek to vary B so that 0 is the correct value) 
From M , and p find M ın 
From M ,, and p ,, and Eq. 13.48d 
(using built-in function NormpfromM (M ,k)) 
21 = 
Pz _ 2k M? - k-i (13.48d) 
p k+l " k+l 
find P2 
and PL= P2 
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For the upper surface (isentropic expansion wave): 
For isentropic flow Po= constant 


Po2 7 Po 


For po, we use Eq. 13.7a 
(using built-in function Isenp (M, k)) 


" k -1 5 k/(k-1) 
2 - [ i Sir | (13.7a) 


Deflection 0= 0 
we use Eq. 13.55 


- 1| (3.55) 


and 
Deflection = ^ 05-0, = 0(M)) - o(M y) (3) 


From M , and Eq. 13.55 (using built-in function Omega (M, k)) 
find 0 = Ne: 
Applying Eq. 3 O= 01+0 (4) 
From o», and Eq. 12.55 (using built-in function Omega (M, k)) 
From 0» find M; 
(Use Goal Seek to vary M ; so that œ, is the correct value) 


Hence for p ; we use Eq. 13.7a 
(using built-in function Isenp (M, k)) 


P2= Po2/(P op 2) 
Pu= P2 
Finally, from Eqs. 1 and 2, computeL and D 


Computed results: 


177 
178 
180 
١ 400 | 387 | 400] 00% | 10 | 614 | 233 | 233 (00۱٧89١ 404 | 209 | 146 ادا‎ 


Sum: Sum: 
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20 


20 


18 


To compute this table: 


1) Type the range of a 
2) Type in guess values for f 
3) Compute 0 from Eq. 13.49 
(using built-in function Theta (M ,ß, k) 
4) Compute the absolute error between each 0 and a 
5) Compute the sum of the errors 
6) Use Solver to minimize the sum by varying the B values 
(Note: You may need to interactively type in newf values 
if Solver generates B values that lead to no 0) 
7) For each a, M ,, is obtained from M ,, and Eq. 13.47a 
8) For each a, p, is obtained from p ;, M in, and Eq. 13.48d 
(using built-in function NormpfromM (M ,k )) 
9) For each a, compute œ, from Eq. 4 
10) For each a, compute œ, from M 2, and Eq. 13.55 
(using built-in function Omega (M ,k)) 
11) Compute the absolute error between the two values of ده‎ 
12) Compute the sum of the errors 
13) Use Solver to minimize the sum by varying the M ; values 
(Note: You may need to interactively type in newM » values) 
if Solver generates B values that lead to no 0) 
14) For each a, p y is obtained from p o2, M 2, and Eq. 13.47a 
(using built-in function Isenp (M, k)) 
15) Compute L and D from Eqs. 1 and 2 


Lift and Drag of an Airfoil 
as a Function of Angle of Attack 


Lift/Drag of an Airfoil 
as a Function of Angle of Attack 
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120 


100 


140 
120 
100 


L and D (kN/m) 


L/D 


Problem 13.158 [4] 


13.158 Find the drag coefficient of the symmetric, zero angle of 
attack airfoil shown for a Mach number of 2.0 in air for which the 
static pressure is 95 kPa and temperature is 0°C. The included 
angles at the nose and tail are each 10”. 


Given: Mach number and airfoil geometry 


Find: Drag coefficient 


Solution: 
The given or available data is: R= 286.9 J/kg.K 
k= 1.4 
حم‎ 95 kPa 
M,= 2 
a= 0 : 
= 10 ? 
Equations and Computations: 
The drag force is 
D = (py- py)cstan(9/2) (1) 


(s and c are the span and chord) 
This is obtained from the following analysis 
Airfoil thickness (frontal area) = 2s (c /2tan(6/2)) 
Pressure difference acting on frontal area = (Dp - pg) 
(p and p y are the pressures on the front and rear surfaces) 
The drag coefficient is Cy = D/(/2pV^A) (2) 
But it can easily be shown that 
pV? = pkM? 

Hence, from Eqs. 1 and 2 

Cop = (P r - prdtan(6/2)/(1/2pkM °) (3) 
For the frontal surfaces (oblique shocks): 
We need to find M ın 


The deflection angle is 0= 6/2 


From M , and 0, and Eq. 13.49 
(using built-in function Theta (M, B,k)) 
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2 cot Bl Mi sin? B -1) 
an = 


t 


For 


(Use Goal Seek to vary p so that 0 = 5°) 


From M , and B 


From M ın and p ;, and Eq. 13.48d 


(using built-in function NormpfromM (M ,k)) 


To find M, we need Man. From M in and Eq. 13.48a 
(using built-in function NormM2fromM (M ,k)) 


The downstream Mach number is then obtained from 


M1 (k + cos 28) + 2 (13:43) 
8- 5.0 ° 
p - 75 
1 ې‎ 1.13 
p» 2k 2 Kk-1 
2 = Mi - (13.48d) 
0 k+1 " k+l 
P> 125.0 kPa 
PF= P2 
2 2 
Mi + 
2 " k-] 
M; = 7 > (13.48a) 
—Mi,-! 
k- n 
Ma- 0.891 
M» = M ;sin(f - 0) (13.47b) 
= 
‘i END 
LO - [ +. mè (13.7a) 
p 2 


from M »,, 0 and B, and Eq. 13.47b 


Hence 


For p o2 we use Eq. 13.7a 
(using built-in function Isenp (M , k)) 


For the rear surfaces (isentropic expansion waves): 


after the shock 


Treating as a new problem 


Here: Mi, is the Mach number 


and M, is the Mach number after the expansion wave 


Po, is the stagnation pressure after the shock 


and p o; is the stagnation pressure after the expansion wave 
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(13.55) 


(3) 


M, = M, (shock) 
M,= 


Po = P o2 (shock) 


For isentropic flow 0 = constant 


Po2 7 Po 


For the deflection 0- 6 


We use Eq. 13.55 


== : tan ال‎ 1A -1) |- د‎ 4M? -1 ) 


K— \ K 


and 
Deflection = 0, - 0, = (M2) - o(M y) 


From M and Eq. 13.55 (using built-in function Omega (M, k)) 


o= 213 ° 
Applying Eq. 3 @ = 0 +0 
o= ais ° 


For m) = 31.3 9 


(Use Goal Seek to vary M, so that œ = 31.3”) 


Hence for p ; we use Eq. 13.7a 
(using built-in function Isenp (M , k)) 


D 27 Po (D op 2) 


P2= 71.2 kPa 

Pr= P2 

Pr=| 712 kPa 
Finally, from Eq. 1 ES 0.0177 د‎ 
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)1( 


)2( 


)3( 


)4( 


)5( 


)6( 


(7) 


(8) 


Problem 13.159 


À 
FL 


13.159 Find the lift and drag coefficients of the airfoil of Prob- 
lem 13.158 if the airfoil now has an angle of attack of 12°. 


Given: Mach number and airfoil geometry 


Find: Lift and Drag coefficients 
Solution: 
The given or available data is: R= 286.9 J/kg.K 
k= 1.4 
pi 95 kPa 
M,= 2 
a= 12 : 
حق‎ 10 : 


Equations and Computations: 


Following the analysis of Example 13.14 
the force component perpendicular to the major axis, per area, is 


Fy/sc= 1/24(P rL + P m) - (Pru + PR 
and the force component parallel to the major axis, per area, is 


Fy/sc= 1/2tan(8/2)((p ru + P rL) - (Pru + P) 


using the notation of the figure above. 
(s and c are the span and chord) 


The lift force per area is 
F¡/sc= (F ycos(a) - F ysin(a))/sc 
The drag force per area is 


F ysc = (F ysin(a) + F ycos(a))/sc 


The lift coefficient is د یګ‎ 1/(1/2pV°A) 
But it can be shown that 
pV = pkM” 
Hence, combining Eqs. 3, 4, 5 and 6 
Cı = (F y/sc cos(a) - F y/sc sin(a))/(1/2pkM 3 
Similarly, for the drag coefficient 


Cp = (F y/sc sin(a) + F y/sc cos(a))/(1/2pkM 3 
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For surface FL (oblique shock): 
We need to find M 1n 


The deflection angle is 0- 2 


From M , and 0, and Eq. 13.49 
(using built-in function Theta (M, B,k)) 


2 cot Bl Mi sin? B - 1] 
tang = غلا‎ 13.49 
M1(k + cos 28) + 2 ( ) 


For 0= 17.0 


(Use Goal Seek to vary p so that 0 = 17°) 
From M , and p 1/1 ح ې‎ 1.49 


From M ,, and p ,, and Eq. 13.48d 
(using built-in function NormpfromM (M ,k)) 


y 21 3 k- 
gp E (13.48d) 
n k+1 "^ k«l 
p= 2306 kPa 
PrL— 02 


To find M ; we need M an. From M in, and Eq. 13.48a 
(using built-in function NormM2fromM (M ,k)) 


2 2 
My + 
2 ”_k-1 
Mz, = TT . (13.48a) 
——M1 -1 
k- n 
M»,= 0.704 
The downstream Mach number is then obtained from 
from M »,, 0 and p, and Eq. 13.47b 
Mo», = Mssin(f - 0) (13.47b) 


For p y, we use Eq. 13.7a 
(using built-in function Isenp (M , k)) 


n £=1 , kiCk=1) 
Lo - [ Man] (13.7a) 
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For surface RL (isentropic expansion wave): 
Treating as a new problem 


Here: M is the Mach number after the shock 
and M, is the Mach number after the expansion wave 
P o1 is the stagnation pressure after the shock 
and p o is the stagnation pressure after the expansion wave 


M,= M; (shock) 


m: = 


P o1 = po (shock) 


po 54۰٠ 


For isentropic flow Po = constant 
Po2= Po 
m 
For the deflection 0- 6 
0= 10.0 : 


We use Eq. 13.55 


w= H= tan || LP -1( |- tan || له‎ 7 -1 | (13.55) 
K~ K+ | ٨ i 


and 
Deflection = ®2 - ® = 0(M)) - o(M y) (3) 


From M , and Eq. 13.55 (using built-in function Omega (M, k )) 


o = 7.8 . 
Applying Eq. 3 @ = ® +0 
ر۵‎ = 17.8 


From o», and Eq. 13.55 (using built-in function Omega (M , k)) 


For @ = 17.8 9 


(Use Goal Seek to vary M so that œ, = 17.8°) 


Hence for p ; we use Eq. 13.7a 
(using built-in function Isenp (M , k)) 


P2= Po2l(P o2/P 2) 


p” 141 kPa 


http://librosysolucionarios.net 


For surface FU (isentropic expansion wave): 


M,= 2.0 
For isentropic flow Po = constant 

Po2 7 Po 
For po, we use Eq. 13.7a 
(using built-in function Isenp (M , k)) 

Po 743 

kPa‏ 748 یم 
For the deflection 0= a - 8/2‏ 

0= 7.0 " 
We use Eq. 13.55 
and 
Deflection = © - 04 = oM >) - oM y) (3) 


From M , and Eq. 13.55 (using built-in function Omega (M , k)) 


o = 26.4 ? 
Applying Eq. 3 @ = ® +0 
ر۵‎ = 33.4 


For ر۵‎ = 33.4 


(Use Goal Seek to vary M, so that œ = 33.47 


Hence for p ; we use Eq. 13.7a 
(using built-in function Isenp (M , k)) 


P2= Dol (p o2/P 2) 


P= 628 kPa 


Pru < P2 
For surface RU (isentropic expansion wave): 
Treat as a new problem. 


Flow is isentropic so we could analyse from region FU to RU 
but instead analyse from region 1 to region RU. 


1/1 2.0 
For isentropic flow Po = constant 
Po2= Po 
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TOTAL deflection 0= a+ 8/2 


We use Eq. 13.55 


and 
Deflection = ®2 - ړن‎ = 0(M)) - o(M y) (3) 


From M , and Eq. 13.55 (using built-in function Omega (M , k)) 


0 = 26.4 : 
Applying Eq. 3 @ = ېه‎ +0 
® = 43.4 


From o», and Eq. 13.55 (using built-in function Omega(M, k)) 


For 


e 
N 
I 
A 
to 
EN 
o 


(Use Goal Seek to vary M so that œ = 43.45) 


Hence for p ; we use Eq. 13.7a 
(using built-in function Isenp (M , k)) 


P2= Po2/( o2/P 2) 


pa^ 32.4 kPa 


The four pressures are: 


From Eq 1 
From Eq 2 


From Eq 7 


From Eq 8 
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Introduction to Fluid Mechanics 7* Edition 
Fox, Pritchard, & McDonald 


Answers to Selected Problems, Chapter 1 


M - 5913 kg 
L -27.25 in. D = 13.75 in. 

2 
y- ٠٥ 

gt 

d = 0.109 mm 
y = 0.922 mm 
a) N-m/s, Ibf-ft/s b) N/m’, Ibf/ft? c) N/m’, Ibf/ft?, d)l/l/s e) N-m, lbf-ft 
f) Nos, Ibf:s g) N/m”, Ibf/ft h) m'/s^K, ft?/s*R i) 1/K, I/R. j) Noms, lbf-ft's 
a) 6.89 kPa b) 0.264 gal 47.9 N:s/m? 
a) 0.0472 m°/s b) 0.0189 m? C) 29.1 m/s d) 2.19 x 104 m? 
101 gpm 
SG - 13.6 v= 7.837 x 10? m?/kg ye = 847 Ibf/ft, ym = 144 Ibf/ft? 


2.25 kgf/cm* 
c-2004K'^sm يښ‎ -2.36 PS (fé, psi, R) 


Jn 
Cp is dimensionless 
c: N:s/m, lbf-s/ft k: N/m, Ibf/ft f: N, lbf 
H(m) = 0.457 — 3450-(Q(m"/s))? 
p=0.0765 + 2.66 x 10 * lbm/ft (+ 0.348%) 


p= 1130 + 21.4 kg/m? SG = 1.13 + 0.0214 

p = 930 + 27.2 kg/m? 

t=1,5,5s Flow rate uncertainty = + 5.0, 1.0, 1.0% 
u= 1.01 x 10? N:s/m? + 0.60996 

ox = + 0.158 mm 

H= 57.7 + 0.548 ft Onin = 31.4? 
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1.5 
1.7 


1.9 


1.11 
1.15 
1.17 


1.19 
1.21 
1.23 
1.25 
1.27 


1.29 


1.31 
1.33 
1.35 
1.37 
1.39 
1.41 
1.43 
1.45 
1.47 
1.49 


tion to Fluid Mechanics 7" Edition 


Fox, Pritchard, 8 McDonald 


Introduc 


Answers to Selected Problems, Chapter 2 


1) 1D, Unsteady 2) 1D, Steady 3) 2D, Unsteady 4) 2D, Unsteady 
5) 1D, Unsteady 6) 3D, Steady 7) 2D, Unsteady 8) 3D, Steady 
Streamlines: y= as 
Vx 
b, 
Streamlines: y-cx^* 
1 
Streamlines: = 
{2 + J 
ax 
Streamlines: y= 3x At =0.75s 
Streamlines: x° + y = c 
Pathlines: y = 2/x Streamlines: y= 2/x 
K 
0 = — 
20 
C B(-1Ad) : 
Pathlines: y= ye, x2xe ` Streamlines: y = x05 
b 
Pathlines: y y,e ", x= xe Streamlines: y-Cx “ 
2 40 
Pathlines: y= 4t +1, x =3e°™ Streamlines: y=1+ n) 
t 
Streamlines: y(t,)=v, sin(ax (t — t,), x(t,)=u,(t=+t,) 
1 
Streaklines: y 2 e7, x= c-r) Streamlines: y = x??? 
2 
Streamlines: y = A +4 (4 m, 8 m) (5 m, 10.25 m) 
(2.8 m, 5 m) (3 m, 3 m) 
y- b = 4.13 x 10° m"/sK^* S =110.4K 
1+ yA 
Gx = — 4.56 N/m? 
a = — 0.491 ft/s” 
L=2.5 ft 
t=1.93s 
A HA, 
V= Madina, e Md V = 0.404 m/s u= 1.08 N:s/m? 
LA 
F=2.83N 
F = 0.0254 N 
1.7 8.07 x 10 ^ N-s/m? 
2 
ERG HE MM u= 0.0651 N:s/m? 
2anV RH 
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2.1 


2.3 


22 
27 


29 
2.1 
2.13 


2.15 


2.17 


2.19 


2.21 


2.23 


2.25 


2.29 
2.31 


2.33 


2.35 
2.39 
2.41 
2.43 


2.45 


2.47 
2.49 
2.51 


2.53 


2.55 55 


8 
257 0= و‎ e € | @max = 25.1 rpm t= 0.6715 
4 
259 gya quus HR 
h 2h 
2.61 Dilatant k = 0.0499 n-121 = 0.191 N:s/m?, 0.195 N-s/m? 
2.63 Bingham plastic Mp = 0.652 N ‘s/m? 
3 4 
265 T= 2zuoR H T= TUOR 
a 2b 
ddr v O EA Tmax = 79.2 Nim? 
a + R(1—cos@) 
2.75 0 b=2U c--U 
2.77 V-229 mph 
2.79 M = 2.5 Xtrans = 0.327 m 
2.81 SG=0.9 y= 8830 N/m3 Laminar flow 


2.83 ۷-667 7 
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Pair = 1.99 kPa 


Introduction to Fluid Mechanics 7* Edition 


Fox, Pritchard, 8 McDonald 


Answers to Selected Problems, Chapter 3 


M = 62.4 kg t = 22.3 mm 
z = 9303 ft Az = 5337 ft 
F=45.6N 
Ap = 972 Pa p= 991 kg/m? 
D = 0.477 in 
Ap! po = 4.3496 Ap/po = 2.1596 
p=- 0.217 psig 
p = 6.39 kPa (gage) h = 39.3 mm 
p = 128 kPa (gage) 
Ap = 59.5 Pa 
H=30mm 
SG = 0.900 
Ap = 1.64 psi 
pacc. نل‎ L=27.2 mm 

Pon [+ (2) 
h= 1.11 in 
0- 11.1? S - 5/SG 
Patm = 14.4 psi Shorter column at higher temperature 
Ah = 38.1 mm Ah = 67.8 mm 
Ah = 0.389 cm 
Az = 587 ft Az = 3062 ft 
p = 57.5 kPa p = 60.2 kPa 
pa = 1.96 kPa Dp = 8.64 kPa pc = 21.9 kPa Pair = — 11.3 kPa 
Fa = 79,600 lbf 
W = 68 kN 
Fg = 0.407 lbf 
Fr = 8.63 MN R = (8.34 MN, 14.4 MN) 
F = 600 lbf 
D = 8.66 ft 
d = 2.66 m 
SG = 0.542 
F=- 137 kN 
Fy = 7.62 kN X Fy = 3.76 kN-m Fa =- 5.71 kN 
Fy = — pgwR'7/4 x = AR/3z 
Fy = 1.05 x 10° N x =1.61m 
Fy = 1.83 x 10’ N a= 19.9? 
Fy = 416 kN Fy = 370 kN a= 48.3° F = 557 kN 
Fy = 2.47 kN x = 0.645 m Fy = 7.35 kN y =0.217m 
M= ApL(H - d M = 583 kg 

3a 

M =2 arla - R)sin(6,,. ) + ٩ ts $ a) M= 631 kg 


http://librosysolucionarios.net 


3.1 
3.3 
3.5 
3.9 
3.11 
3.13 
3.15 
3.17 
3.19 
3.21 
3.23 
3.25 
3.27 


3.29 


3.31 
3.33 
3.35 
3.37 
3.39 
3.43 
3.45 
3.49 
3.51 
3.53 
3.55 
3.57 
3.59 
3.63 
3.65 
3.67 
3.69 
3.71 
3.73 
3.75 
3.77 
3.79 
3.81 


3.83 


3.85 


h = 0.292 m 


y= 8829 N/m’ 


Vuot submerged/- -Vsubmerged = 10.5% 


V= 1.15 x 10 ? ft/s (0.825 in/min) 
L/Vg = 0.0712 Ibf/ft L/Vair = 0.0172 Ibf/ft^/0.0249 Ibf/ft? 
M = 703 kg 


SG = WJ(W, — Ww) 
Fg = 1.89 x 10 !! lbf 
L/Vue 0.0659 76 
D=116m 


9 = 9.1? (with A = 25 cm? not A = 20 cm’) 


f=6.1N 


x-0.257m 
D = 2.57 ft 


f = 0.288 cycle/s (w = 1.81 rad/s) 


@ = 7.16 rad/s 

p = 105 - 1.96x (p: kPa, x: m) 
dy/dx = 0.346 

p = 55.3 lbf/ft” (gage) 
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F = 34.2 lbf 

a 7 g(h/L) 

@ = 185 rad/s (1764 rpm) 
Ap = 2م‎ 

dy/dx = — 0.25 

a= 30? 

T = 47.6 lbf 


3.87 
3.89 
3.91 
3.93 
3.95 
3.97 
3.99 
3.101 
3.103 
3.105 
3.107 
3.113 
3.115 
3.117 
3.119 
3.121 
3.123 


Introduction to Fluid Mechanics 7* Edition 


Fox, Pritchard, 8 McDonald 


Answers to Selected Problems, Chapter 4 


x = 0.934 m 
x= 747 m t = 23.9 mm 
Vo = 87.5 km/hr 
t= 1.50 hr 
3.47h? + 2400 

= — — ——— (Y, h: mm h = 21.2 mm s > 0.604 
J: = و وم‎ Y ) P 
Q =- 90 ft/s م‎ [VV -dA)=-450pÍ + 360p (slug-fus/s; p: slug/ft’) 
[V-dA- -24m'/s [VV .aA)= (64î -96j-Gok) m/s 
Q = 3u, AR? m.f. = tupa AR 
V = 1.56 ft/s Q = 3.82 gpm 
Qc = 489 gpm To, = 2.45 x 10° lb/hr Mos =194041b/hr m, =143311b/hr 
V3 = (4.33 ft/s, — 2.50 ft/s) 
Eight pipes 
1400 units/hr 4220 units/hr Outflow = 9 units/s 


Vave = 0.139 m/s Umax = 0.213 m/s 


76 7م 
m  p*gsin(9)h*‏ 
wo 3u‏ 

U = 1.5 m/s 


Q = 1.05 x 10 ? m/s (10.45 mL/s) 


Vmin = 5.0 m/s 


07/60) — 2.43 x 10 ? ft/s (0.18 gal/s) 


A = 4.92 x 10’ ft? 


Qaa = 6.0 x 10 “m/s Qy. = 1.65 x 10? m/s 


m, =32.0lbm/s (because of weight plus momentum loss) 
V = 18.0 m/s V = 67.1 m/s 


R,== 314 N 
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dh/dt = — 8.61 mm/s 
dh/dt = — 0.289 mm/s 
Q = 1.5 x 10* gal/s 
t=22.2s 

dy/dt = — 9.01 mm/s 
Qaa = 4.50 x 10 m/s 


_ 2 mtan*(9)y¢” 


5  42gA 
mf = (— 2406, 2113) Ibf 
m£f,/mf; = 1.33 
mf = (— 320, 332) N 
T=3.12N 
F = 35.7 lbf 
m, = 31.21bm/s 
V=51 m/s 
F = 1.81 kN (tension) 


R, =-pV’ 2 د‎ 1 o 


4.1 
4.3 
4.5 
4.7 


4.9 


4.11 
4.13 


4.15 
4.17 
4.19 


4.21 
4.23 
4.25 
4.27 


4.29 


4.31 
4.33 
4.35 
4.37 
4.39 
4.41 
4.43 
4.45 
4.47 
4.49 


4.51 


4.53 
4.55 
4.57 
4.61 
4.63 
4.65 
4.67 
4.69 


4.71 


F=11.6kN 
F = (- 714, 498) N 


F = 1.70 lbf 
F = 22.7 kN 
d/D = 0.707 No-dimensional pressure = 0.5 
t= 1.19 mm F = 3.63 kN 
R, = — 4.68 kN Ry = 1.66 kN 
R,- — 1040 N R, = — 667 kN 
F =2456N 
Q = 0.141 m/s R, = — 1.65 kN Ry = — 1.34 kN 
F-379N 
f -a (2-2) 
8 7r 
Umax = 60 ft/s Ap = 0.699 Ibf/ft 
D = 0.446 N 
D/w = 0.163 N/m 
ho/h = (1 + sin 12 
h = H/2 
Q = 257 L/min 
V = JV —2gh h-428m 
V = 175 ft/s F - 2.97 lbf 
pı = 68.4 kPa (gage0 F=209 N 
V =V? -2gz Acris. 
des 27 
V2 
1 E Q 2 x 2 
تام ورو‎ 
_ V 
2(h, —V,t) 
Rx = — 2400 N R, = 1386 N 
2 
V= pox هم‎ y Vj = 80 m/s 
2k 2k 
F = 3840 lbf 
F = 4.24 kN t=4.17s 
a= 30? F = 10.3 kN 
a = 13.5 m/s? 
t = 0.680 s 
Y n sM V = 0.61 m/s 
V M, — VAt 
Amax at t = 0 0- 90° UV 
A- "C A - 111 mm. 
3p(V - at) 
h = 17.9 mm 
a= 200 uy ASKU a = 5.99 m/s? U/U, = 0.667 
a = 14.2 m/s? t = 15.2 m/s 
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4.73 
4.75 
4.77 
4.79 
4.81 
4.83 
4.85 
4.87 
4.89 
4.91 
4.93 


4.95 


4.97 
4.99 
4.101 
4.103 
4.105 
4.107 


4.109 


4.111 
4.113 


4.115 


4.117 


4.119 


4.123 


4.125 


4.127 
4.129 
4.131 
4.133 
4.135 


4.137 


4.139 


4.141 


4.143 
4.145 
4.147 


M 


pv + 5 
U, 


Xmax = 1.93 m t=2.51s 


C= 


U = 227 m/s 


Amax = 96.7 m/s? 


V=5 m/s 
a= 2.28 m/s? 


U =U, ei E 
M, 


Vinax = 834 m/s 


my = 82.7 kg 
a = 83.3 m/s” U = 719 m/s 
V = 3860 ft/s Y = 33,500 ft 
V = 641 m/s 
0- 19? 

= U, 

د وان " 
0 

Vinax = 138 m/s Ymax = 1085 m 
h= 10.7 m 
M =- 192 Nm 
T = 0.193 N:m à = 2610rad/s? 
0 - 2 (r — pQRV - 2@pVAR? ) موه‎ = — 20.2 rad/s (— 193 rpm) 
T=30Nm @ = 1434 rpm 
@ = 78.3sin( 0) rad/s æ = 39.1 rad/s 


AT =2 pa@AL’ sin’ a 
a x 42° 


At = 4.49 x 10^ K (°C) 
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à = 0.161 rad/s* 

T = poQU sin” a 

a=0° 

dT/dt = — 0.064 K/s (°C/s) 
Ap = 75.4 kPa 

W, = —96.0kW 


W, actual = 3.41 kW 
Amey. <BR 
m 


4.149 


4.151 
4.153 


4.155 


4.157 
4.159 
4.161 
4.163 
4.165 
4.167 


4.169 


4.171 
4.175 
4.181 
4.183 


4.185 


4.187 
4.189 
4.191 
4.195 
4.197 
4.199 
4.201 
4.203 


4.205 


4.207 
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Answers to Selected Problems, Chapter 5 


y- zy -zy 


" - 0.652 (1/2 flow) 


=0.671 (1/2 flow) 


& |< 


d) Possible 


Incompressible 


hyat = 1.06 m 


- = 0.442 (1/4 flow) 


: =0.465 (1/4 flow) 


Q/b = 0.0912 m*/s/m 
6 a ee m/s? 
3 3 3 
dy/dx = 0.0025 
Ny 
YET 
(x? + y?) 


x=2.77 m 


c) Possible 


a) 0# const b) Possible 
A+ E + J =0 (Others arbitrary) 
v--3x y + y" + fx) 
u=x"/2 - 3x y" 


) -0.00167 (0.167%) 
2 _36 (2) (2) 
U/,, 8x|W0) 248 
v = — 2۸:, / 3 +f(x) 

Asin@ 
V,=- + f(r) 


es 


r? 
_ Uy’ 
Y= Sh 


V= |- 0ه‎ + U sin i, 
277 


vue) a)! 


y=- Cln(r) + Ci 


2D Incompressible 


@=-2.86(1077 «10*j) m/s? 


Incompressible 


OT/Ox = — 0.0873 6 
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5.1 
5.3 
5.5 
5.7 


5.11 


5.13 


5.15 
5.19 


5.23 


5.25 


5.27 
5.29 


5.31 


5.33 


5.35 
5.37 


5.39 


5.41 


5.43 


5.45 


5.47 


5.49 


V =9.81 +106j (Total) 


r = 1.29R (max a) 


0= *z/2 (max a) 


T=0 (h=b) 


> > ۳ > 1+ e E S A 
a = A! (d yj) Qu SURE a=1+j 


xy =8 V -12i - 24j 
V = 67î -127 (Local) V = 72î +144j (Convective) 


2 2 2 2 
gan H E (+) Ax(max) = 7 9.22 m/s? 
x ô 36 36 
2 2 
تی یي‎ d - Dti te B i 
h h h \h 
2U? RÝ (RY 
ارو‎ ١ e 
R r r 
2 2 
سح وا‎ 0 d, = —7;-sin 0 cos 6 
R 
a, = 320 + 2sin(at)P +2.4cos(ax) (m/s?) at x = L 
Not incompressible Not irrotational 
r=0 
Incompressible Irrotational 
Incompressible Not irrotational 
y =-2 yi = 2xj 
à--k (rad/s) 
ate @=-0.5s" 
2h 
h h 
ورو‎ ae T =- UL/4 (h= b/2) 
2yU nax pa 2YU nax A 
نت تت د‎ UM 
2 
dE. m r ) dF ax ul 
dv 26 dv m 
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5.53 


5.55 


5.57 


5.59 


5.61 


5.63 


5.67 
5.69 
5.71 
5.73 


5.75 
5.77 


5.79 


5.81 


5.83 


5.85 


Introduction to Fluid Mechanics 7* Edition 
Fox, Pritchard, & McDonald 


Answers to Selected Problems, Chapter 6 


61  àd-9i«7j ft/s? Vp —-0.125i —0.544j psi/ft 
63 de. =100+3) fus āo = A(Ax + BEJÎ — A(- Ay + Bt)j 
de. 300۱-2001 fus? Vp 4171 2.567-0.43٨  psi/ft 
65 G@=li+7j ft/s’ Vp =—0.0139i —0.544j  psi/ft 
67 v=-—Ay G=8i+4j m/s 
Vp--120-6j-147k Pa/m p(x) = 190 — 3x”/1000 (p in Pa, x in m) 
6.9 Incompressible Stagnation point: (2.5, 1.5) 
Vp =-pll4x -10) + (4y—6)j + ok] Ap = 9.6 Pa 
U* X dp U | X 
611 a =-——|1-— = 1 out = 43.3 kPa (gage 
: zi xj dx "aL 2L Rm (gage) 
6.13  d=-0.101€, +0.0507€, m/s” d =-0.101€, +0.0507€, m/s” 
d =—0.0127é + 0.00633, m/s’ Vp =101é, -50.58, Pa/m 
Vp =101é,—50.5é, Pa/m Vp -12.76,—6.336, Pa/m 
2 
22 2 1 2 
6.15 Op = PA L Ui (A, A) 0 = D, E pui 1 A 
Ox (AL+Ax-Ax) 2 PELAR 
L 
2 — 
617 a,- 21 (p, - D) - L = -10 MPa/m L>1m 
ma, X max 
D1 1+ (D,-D,) 1 
DL 
6.19  F,=-— 1.56 N (Acts downwards) 
2 2 
ot EN LAE. pe es 
b ax b 
۷72 x) 4pV DW 
P = Pam E 2 iG y7 p 2 
b L 3b 
2 2 
cs a E 
h ôx h 
2 
655 Vp LE رز‎ 
r 
6.27 Ap =- 30.6 Pa 
6.31 B=-06m>*%s” 6-61 +3j m/s an = 6.45 m/s? 
633 ā=4+2j fts’ R=5.84 ft 
635 d-05i-j m/s? R - 5.84 ft 


6.37 Ah-1.37in 
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F = 18.5 Ibf 


{x? +(y ny þe +(y+ ny} 


Ap = 12 kPa 


F = 1.52 lbf 


0= 30°, 150°, 210°, 330° 


K, = 12.9 lbf 

p3 = 706 Pa (gage) (5.29 mm Hg) 
Ry = 0.533 N 

Po = 1.79 psig 

F = 0.105 lbf 


F = 14.1 lbf 
aM _ 
dt 


p= E — x?)+ By | 


ó-— 


——]n 
27 


¢ = 3Bxy* — ox 


y == (Ay + 2Bxy) 

y =3Ax*y- > x 
Stagnation point: (7 2, 4/3) 
Ap = 55.8 kPa 


p= ff 2) — Ur cos 0 


2m A 


Irrotational 


F = 0.379 lbf 

h = 628 mm 

p2 = 291 kPa (gage) 
p = 9.53 psig 

h = 17.0 ft 


V = 262 m/s 
Q = 304 gpm (0.676 ft?/s) 


P=P, +> pU (L- 4sin? 0) 


F =- 278 N/m 

Q = 2.55 x 10? m/s 

pı = 7.11 psig 

p2 = 13.2 kPa (gage) (98.9 mm Hg) 
R, = 0.375 N 

Pi = 1.35 psig 

Ah = 6.60 in 

F = 83.3 kN 

pı = 11.4 psig 


m = AJ2pp 


2 A 0.588 
Mapi Le [to aA 
Vo Py Yo 


C. 7 V 

a, = 10.5 ft/s? 

dQ/dt = 0.516 4/5 
D;/Dı = 0.32 

Bernoulli can be applied 


Incompressible Unsteady 


y = E ا + سار‎ 
27 X X 
NOTE: Error — function is y= Ax)y — By? 


B 
y= PIS - y!)-2Axy 
V = (A+ 2 Bx)i 2 Byj 
۷ = ×2 + y 


Incompressible Irrotational 


Ely بوت‎ es Bx — Cy 


y= “ig — 0,)+ Ursinó 
27 
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6.39 
6.41 
6.47 
6.49 
6.51 


6.53 


6.55 
6.57 


6.59 


6.61 
6.63 
6.65 
6.67 


6.69 
6.73 
6.75 
6.77 


6.79 


6.83 
6.87 
6.89 
6.91 
6.93 


6.95 


6.97 


6.99 


6.101 


6.105 
6.107 
6.109 


6.113 


po 9۹/0564 _ 086 | y fa | sin _ sind, |; 
2a) n r, 271 n r, 
Stagnations points: 0= 0, 7 r = 0.367 m Vstag = 0 


K 
6.115 pe AR p = —Ur cos 0 — — 0 
27 27 


0 =U ٢٢ ٢ 


27 
: K 
Stagnations point: 0= 2 لام‎ 
271 
6.117 Stagnations points: 0— 63°, 297° r=1.82m Ap = 317 Pa 
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Answers to Selected Problems, Chapter 7 


u 


32 y2 


g 
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pd 


d d, d, 
pD'o?' pD 0 D'D'D 


II, = 


Four parameters 


O 


D’ PVD’ لام‎ 


u hD 
pV'd?' pVd'd’d 


6 


2 


A 
gL 
E 
Po 
V |. 1 
a Fa) 
Ap v L 
pV DVD 
F œ uVD 
AP _ (5 z 
pv’ ۷1م‎ D 
CEN E 
pU E 
E Mm 
"مو‎ IPP 
v= sD (>) 
و‎ f 2) 
W ¿Lc 
Dou | (5-5) 
P Ap 


d u 


W 


d u 


D” pApD*’ DAp 
6 L هر‎ Ia 


T 


, 


1 


D’ D’ 


7.1 


7.3 


7.5 


7.7 


7.9 


7.11 


7.13 


7.15 


7.17 


7.19 


7.21 


7.23 


7.25 


7.27 


7.29 


7.31 


7.33 


7.35 


Froude number modeling is most likely 


Fp, =2.46 kN 9 =55.1 kW (73.9 hp) 


F,/Fm = 1.13 (submerged), = 2.77 x 10^ (surface) 
Vin = 250 m/s (model is impractical, compressible flow) 


Adequate Reynolds number not achievable 


(Wave drag negligible) 
Dm = 0.120 m 

T- f V g P 1ل‎ f V g 
تم‎ “LaD oD poD' مه"‎ WD 
Cp, = 0.443 Fp, =1.64 kN 


O E poe ul 
paD? p DD 


dT lc, _ (E k Pi 

dt V? c, plc, pLV 

11, = II, = x 

U ô 

Vw = 6.90 m/s Fair = 522 N 
Vair > Vwater Vair = 15.1: Vwater 
(Om = 395 rpm Om = 12500 rpm 
Vm = 40.3 m/s Vp = 40.3 m/s 
Vm = 5.07 m/s Em/Fp = 3.77 
Qn = 0.125 m/s Pp = 127 kW 
Pm = 2.96 psia 

fa _ 19d vi 

V u V, 2 
Vm = 0.618 m/s — 1.03 m/ 

Fp red 

=f | m‏ کم 

Tp = 1070 hr (^ 45 days) 
Vin = 1.88 m/s Vp = 7.36 m/s 
CD = 1.028 Fp, = 3.89 kN 


1 
Model = — x Prototype 
50 yp 


Drotaı = 1305 N Drota = 2316 N 
hm = 13.8 J/kg Qm = 0.166 m/s 


F, اب‎ V g 
po D' oD oD 


K.E. ratio = 7.22 
Fg « 0.273 N (to right) 
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Introduction to Fluid Mechanics 7* Edition 
Fox, Pritchard, & McDonald 


Answers to Selected Problems, Chapter 8 


8.1 Q=0.146 ft/s L = 12.5 — 20 ft (turbulent) L = 69.0 ft (laminar) 

8.3 Smallest turbulent first Quarge = 0.0244 ft/s Non are fully developed 
Qmia = 0.0122 ft/s | Smallest fully developed 
Qsmai = 0.00610 ft/s Smallest fully developed 

87 V/Unx = 2/3 

8.9  27,-—1.88 Pa Q/b =-5.63 x 10 m/s 

8.11  Q- 125 x 10^? ft/s (0.0216 in?/s) 

8.13 Q=3.97 x10 ? m/s (3.97 x 10  L/s) 

az ApD , 


815 M-432k = tq a-128x10 ° m (12.8 
g Q 12 ul (12.8 um) 
چ‎ Q dp_ 64Q 6uQ, (r 
8.17 ¥ = — = = — In} — =Po,r<R 
2arh dr arh? P = Pam arh? \R ip Pa o) 
8.19 n- 1.48 (dilatant) 
8.21  Op/Ox — 92.6 Pa/m 
8.23 interface 7 15 ft/s 
8.25 0p/óx=-2Uu/a?  0p/0x=2Uy/a* 
8.27 v=1.00 x 10 *m”/s 
8.29 r-pgsinQ(h—y) Q/w= 217 mm”/s/mm Re = 0.163 
8.31 Q/w= 0.0208 ft?/s/ft r= 1.58 x 10? psi Op/Ox = 7.58 x 10 psi/ft 
8.33 0p/0x = 34.4 Pa/m 
2 
835 B.C:y-0,u-Usy-h, 7-0 ولو‎ en, 
n 
gay GE ey t= 1.06 s 
dt mh 
ur 
R 2 
gs apa 21 2Q ) P- uLb(Ro) (4 6Q ) n 6Q abRo 
a abRo a abRo abRo [4 م0‎ ) 
abRo 
2713 3 2 
8.41 H= nuo DL P = وراو‎ Ap” P =39 
Aa ٥ 12uL : 
8.45 ۳» 7 
8.47 Q= 1.43 x 10 * in”/s (0.0857 in?/min) 
8.49 r-cyr u =“Inr+e, c= Wo c, =- nig 
7 In(r/r,) In(r/r,) 
851 r=R - )1- ) 
2 In(1/k) 
8.53 % change = — 100/(1 + Ink) 
8.55 52-131 Pa 
8.57 ty =—0.195 Ibf/ft Tw =— 1.35 x 10"? psi 
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Q = 4.52 x 10 7 m*/s م۸‎ 235 kPa Ty = 294 Pa 


n- 1 n = 8.55 
Bam = 4/3 Bur = 1.02 
a=2 
Hir =1.33m hir = 13.0 J/kg 
V4 = 3.70 m/s 
Q = 411 gpm 
V, =2 m/s 
hır = 913 ft/s (Hir = 28.4 ft) 
s = 7و‎ Tw = 3.58 x 10 ^ Ibf/ft Tw = 4.13 x 10 ^ Ibf/ft 
f = 0.0390 Re = 3183 Turbulent 
Maximum - 2.1296 at Re = 10000 and e/D = 0.01 
p» = 177 kPa p» = 175 kPa 
Q = 0.0406 ft/s (2.44 ft/min, 18.2 gpm) 
K=9.38x 10 * 
Q = 12.7 gpm Q = 11.6 gpm (AQ =- 1.1 gpm) Q = 13.7 gpm (AQ = 1.0 gpm) 
Ap = 23.7 psi K = 0.293 
2 

h, 5 0 = AR) : 

2Ap 


: Inviscid assumption: Lower indicated flow/larger Ap 
p(l- AR? -K 

Q = 0.345 L/min d = 3.65 m 

d = 6.13 m (or 6.16 m if a = 2, laminar) 

Analogy fails at Q = 7.34 x 10 7 m/s 

11880096! (A huge increase because V ~ 1/06, and Ap ^ V?) 


(a) Ap = 25.2 kPa (b) Ap = 32.8 kPa (c) Ap = 43.3 kPa ((a) is best) 

Vp = 4.04 m/s La = 12.8 m (Not feasible! Ap = 29.9 kPa 

Ap/L = 7.51 x 10 ? Ibf/ft?/ft (round) Ap/L = 8.68 x 10 ? Ibf/ft?/ft (1:1) (415.696) 
Ap/L = 9.32 x 10 ? Ibf/ft?/ft (2:1) (424.196) Ap/L = 0.010 Ibf/ft^/ft (3:1) (433.296) 

pı = 179 psig 

L-265m 


Friction « 7796, Gravity = 23% (Turbulent) 
Q = 0.0395 m/s 


V4 = 0.0423 m/s (down) (Falls at 42.3 mm/s) 

Rate of downpour = 0.418 cm/min 

Q = 6.68 x 10 ? m/s Pmin = — 35.5 kPa (gage) 

Q = 5.30 x 10 * m?/s Q = 5.35 x 10 ^ m/s (diffuser) 
L-0.296m 


Your boss was wrong (which is s-w-e-e-e-e-e-t!) 
D = 5.0 — 5.1 cm (corresponds to standard 2 in. pipe) 
D = 6 in. (nominal) 


V =6.46 m/s pr = 705 kPa (gage) # = 832 kW Ty = 88.6 Pa 
dQ/dt = — 0.524 m”/s/min 

$ = 8.13 hp 

Ap = 53.2 psi 

D = 48 mm Ap = 3840 kPa P oump = 24.3 kW (32.6 hp) 

Q = 5.58 x 10°? m/s (0.335 m?/min) V = 37.9 m/s P =8.77 kW 


Cost = $4980/year 
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8.97 
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8.101 
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8.113 
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8.117 
8.121 
8.123 
8.125 
8.127 
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8.139 
8.141 
8.143 
8.145 
8.149 


8.151 
8.153 
8.155 
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8.159 
8.161 


m/s‏ 0.00623 = ېډ 
Q, = 0.00862 m/s‏ 


P = 29.1 kW 


Q» = Q; = 0.00311 m?/s 
Q» = Q; = 0.00431 m?/s 


Q»4 = 24.8 gpm 


p» = — 290 Pa (gage) (29.6 mm Hg) 


Ap = 487 kPa 
Q; = 0.00306 m/s 


Qı = 0.0 m/s 
Qo. x 5.2 gpm 


Tin = 0.0220 kg/s 


f = 0.0356 


K, = 1.81 x 10” $-in? 
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Q = 0.0419 m/s 
Q = 2.51 m/s 

Qo = 0.00928 m/s 
Qo = 0.00862 m/s 
Ap = 22.2 psi 

Ap = 25.8 kPa 

Q = 1.49 ft?/s 

Q = 0.00611 5 
At = 40.8 mm 

Q = 1.37 ft/s 

Reg = 1800 

K: = $9890/in? 


8.163 
8.165 
8.167 


8.169 
8.171 
8.173 
8.175 
8.177 
8.179 
8.183 
8.185 


Introduction to Fluid Mechanics 7* Edition 
Fox, Pritchard, & McDonald 


Answers to Selected Problems, Chapter 9 


Xp = 18.6 cm Xm = 10.3 mm 
Xp = 10.4 cm Xp = 7.47 mm 
Rep = 1 (reasonable) Rep = 2.5 x 10? (not reasonable) Use water and D = 10 cm 
L increases with elevation 
A=U B= C=0 
20 
E 

a = 0.375 E - 9 

ô o 

E 

p = 0.396 Ld = 0.152 

ô ô 

n 0 l . 0 . 0 
Linear: = —0.167 Sinusoidal: 3 = 7 Parabolic: 3 = 0.133 

به به 
3 = ,0.333 = سل Power: g- =0.125, e = 0.0972 Parabolic:‏ 
ô ô ô ô‏ 
ri, = 50.4 kg/s Fp = 50.4 N‏ 
dexit = 3.13 mm AU = 3.91%‏ 
U2 = 13.8 m/s Ap = 20.6 Pa‏ 
Ap = — 1.16 Ib£/ft”‏ 
U» = 24.6 m/s P2 = — 44.5 mm H20‏ 
mm Ap =- 107 Pa Fp= 2.00 N‏ 2.54 = 6 
2 2 
regen =‏ 0.9321 = د 0.00326 = y 2 0.121 in dy/dx‏ 
Re, Re,‏ 4 

6, = 0.0454 in 
0 = 0.0454 in Fp = 0.850 N 
Fp = 26.3 N Fp= 45.5 N 


Fp = 8.40 x 10“ N (or Fp = 1.68 x 10? N for two sides) (Higher than Problem 9.42) 
Fp = 3.45 x 10? N (or Fp = 6.90 x 10? N for two sides) (Higher than Problem 9.44) 
Fp = 0.557 N 

U = 1.81, 2.42, 3.63, and 7.25 m/s 


2 2 
T,= 0.0297 25 F, =0.0360 ^U. c 
Re^ Ref? 
Fp = 4.57 X 10? N (or Fp = 9.14 x 10? N for two sides) 
Fp = 55.8 N (or Fp = 112 N for two sides) 


Fp = 2.34 N 


2 _ = c= n Fp=2.41N 
x Re/5 Re/5 

ô, = 31.3 mm T. - 0.798 Pa Fp = 0.700 N 
w» = 80.3 mm 

Ap = 6.16 Pa L = 0.233 m 


Petroleum used = 0.089% (about 15% of pipeline use) 
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9.71 Th, =0.525pU%5 m, =0.777pU*9 
9.73 a=0 b=0 c=3 d=-2 H= 3.89 
9.75 U2 = 2.50 m/s Ap = 0.00370 in H20 
4 
C 4 
9.77 E = ||1+——*—-x| (constant Ea) Ls -|140.00583| Y = (7,, 4 constant) 
U, O(H +2) U, U,ó) 6(H +2) 

9.79 Fp=5.58 N (11.2 N for both sides) One system: Fp = 4.23 N (8.46 N for both sides) 
9.81 Fp = 1500 lbf P = 2000 hp 
9.85  Xlam/L = 0.035296 Fp-549x10N  $-7.68MW 
9.87 Fp=3.02x10'N Savings = Fp = 7.94 x 10! kg/yr 
9.91 Fp = 3610 lbf P = 77.6 hp 
9.93 di = 96.5 mm 
9.95 t=9.29s,x=477m (t= 7.93 s, x= 407 m for three parachutes) “g” =— 3.66 
9.97 Bis 20.8% better than A (H > D) 
9.99 C, =0.299 
9.101 V=24.7/35.8 km/hr New tires: V = 26.8/32.6/39.1 km/hr Plus fairing: V = 29.8/35.7/42.1 km/hr 
9.105 M = 0.0451 kg 
E CUORE t = 1.30 mm 

C Ap cos 0 
9.109 t=2.95s x = 624 ft 
9.111 V= 47.3 mph (1970's car) V = 59.0 (current car) 
9.113 FE = 6.72 mpg AQ = 1720 gal/yr (8.78%) 
9.115 Cp=1.17 
9.117 V= c == 

p 

A, 
1 : 1 2 1 2 V 
9.119 Fp = CA5 AV -U) T- Cp Az AV -UR P= CAS AV -UYU Lo =p 
9.121 M=11.0N'm 
9.123 $ = 3.00 kW 
9.125 V= 23.3 m/s Re = 48,200 Fp=0.111N 
9.127 x=13.9m 
9.129 Cp= 61.9 p, = 3720 kg/m? V = 0.731 m/s 
9.131 M= 0.0471 kg 
9.133 Cz = 1.01 Cp = 0.0654 
9435 F, = 2C, pU*DH M = Cc, pU*DH? پر و‎ 44 
9 2 16 2 F Daniform 9 M uniform 
9.137 D=7.99 mm y = 121 mm 
9.139 t=4.69s x = 70.9m 
9.141 Xmax = 48.7 m (both methods) 
9.143 Cp = 0.606 V = 37.4 mph 
9.145 V, -V, | 2PR Vy = 4.56 m/s (16.4 km/hr) 
(Co, A, + Cos دو‎ 

9.147 xx203m 


P = 5.94 kw 


AS = 16.3 kW (94%) 

Vmin = 5.62 m/s (10.9 kt) ونوګ‎ = 31.0 kW Vmax = 19.9 m/s (38.7 kt) 
Vmin = 144 m/s R=431m 

M = 37.9 kg P = 1.53 kW (or 3.02 kW if treated as two wings) 
T = 17,300 Ibf 

Fp = 524 lbf P = 209 hp 

0= 3.42? L = 168 km 


For a race car, effective; for a passenger car, not effective 

Fr = 0.00291 lbf 

F; = 50.9 kN Fp = 18.7 kN F=54.2 kN 
» = 14,000 — 17,000 rpm x=3.90 ft 
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Introduction to Fluid Mechanics 7* Edition 


Fox, Pritchard, 8 McDonald 


Answers to Selected Problems, Chapter 11 


Q = 3.18 m/s 

y = 2.61 ft 

y2 = 0.507 m Fr, = 2.51 
So = 0.00186 

So = 0.00160 

Q = 0.194 m*/s 

y= 2.47 ft 

y = 0.775 m 

y = 4.83 ft V = 3.69 ft/s 
y= 7.38 ft 


Ye = 0.365 ft, E. = 0.547 ft y.=0.759 ft, E. = 1.14 ft 
Ye = 1.067 ft, Ee = 1.60 ft  y.=1.46 ft, E, = 2.19 ft 


Hj = 0.808 m 


Ye = 0.637 m 
Ax = 197 ft 
y = 0.645 ft y = 4.30 ft 


1 

20? 5 
em 
z'g 


Q = 3.24 ft?/s 

yz = 0.610 ft (— 32.2%) 

y2 = 1.31 ft 

Q = 49.5 ft/s 

Q = 10.6 m/s Ye = 0.894 m 
y2 = 5.94 ft 

Q = 54.0 ft/s Hj = 1.62 ft 
y;7445m H,= 9.31 m 
Q = 26.6 ft/s 

H = 0.514 m 

Cy = 1.45 
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Answers to Selected Problems, Chapter 12 


12.1 T= const. p decreases p decreases (Irreversible adiabatic process) 
12.3 As > 0 so it is feasible for a real (irreversible) adiabatic process 

12.5 T = 20°F p2 = 100 kPa 

12.7 As = -346 kJ/kg:K (AS = — 1729 J/K) Au 7 — 143 kJ/kg (AU = — 717 kJ) 


Ah -- 201 kJ/k (AH = — 1004 kJ) 
129 65756 


12.11 W=176 MJ W, = 228 MJ T,(max)=858K  Q,=-317 MJ 
12.13 36.7 kg/s Ta = 572 K V» = 4.75 m/s W = 23 MW 
12.15 At = 828s (= 14 min) 

12.17 Ap=1.70 x 10 kg/m? AT = 0.017 K AV = 0.049 m/s 
12.19 At=198 ps E, = 12.7 GN/m' 

12.21 x=19.2km 

12.23 c= 299 m/s V = 987 m/s VI Voue = 1.41 

12.29 c = 340 m/s (sea level) 

12.31 V=1471 mph a= 31.8? 

12.33 V = 642 m/s (2110 ft/s) 

12.35 V=493 m/s At = 0.398 s 

12.37 V=515 m/s t=6.92s 


12.39 Ax 1043 — 1064 m 

12.41 Density change < 1.21%, so incompressible 

12.43 M=0.142 (1%) M - 0.322 (5%) M - 0.464 (10%) 
12.45 Ap/p = 48.5% (Not incompressible) 


12.47 pay» = 54.3 kPa po = 152 kPa 

12.49 po = 546 kPa ho—h=178 kJ/kg To=466K 

12.51 po- p = 8.67 kPa V = 195 m/s V = 205 m/s Error using Bernoulli = 5.13% 

12.55 To = const (isoenergetic) po decreases (irreversible adiabatic) 

12.57 V = 890 m/s To = 677 K po = 212 kPa 

12.59 To = const = 294 K (20.60) (isoenergetic)  p, = 1.01 MPa, p, = 189 kPa (irreversible adiabatic) 
As = 480 J/kg:K Flow accelerates even with friction due to large pressure drop 

12.61 T, =T,, = 344K Po, = 223 kPa Po, = 145 kPa As = 0.124 kJ/kg:K 

12.63 T, =T,, = 445K Po, 7 57.5 kPa Po, = 46.7 kPa As = 59.6 J/kg:K 

12.65 Ap = 48.2 kPa (inside higher) 

12.67 T*= 260 K p* = 24.7 MPa V* = 252 m/s 

12.69 T,= 2730 K Di = 25.5 MPa V, = 1030 m/s 
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